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WHAT A REACTOR INSPECTOR LOOKS FOR: 

® Safe reactor operation as authorized by AEC 

® Sound organizational setup using clearly defined procedures 
© Adequate instrumentation 


© Improved methods and equipment that should be used on other reactors 
See page 25 





NOW 


a new wire wound potentiometer 


The mechanical and electrical features of Type 2W 
Rheostat-Potentiometer are designed for 
current and future electronic circuits. This modern, 
2 watt unit offers maximum application 
adaptability plus typical IRC superior performance. 
Electrical operation is improved by one-piece 
center terminal and collector ring, and direct 
contact between collector ring and contactor. 
Advanced mechanical design anchors winding 
securely to strip, locks element into position, 
and assures accurate location of terminals. 











IMPROVED DESIGN FEATURES 


, Better Heat Dissipation 
*- Greater Dust Protection 


Increased Mechanical Rotation 


Increased Electrical Rotation 
More Resistance Values 


Double and Single Taps Available 


ih uuruoudis<Raien & 4 INTERNATIONAL RESISTANCE CO. 
Mi Carbon Precistors : j Dept. 342, 401 N. Broad Street, Philedelphia 8, Pa, 
position Resistors 


In Canada: International Resistance Co., Lid., Toronto, 
licensee 


Send Bulletin describing Type 2W Potentiometers: 
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Dispersions Manual 





Learn how you can get the advan- 
tages of KEL-F fluorocarbon plas- 


tic: corrosion and heat resistance, 


excellent electrical properties, 


moisture resistance U/L 


dispersion coating, 


for application by 
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SAAT TA 


nm polymers 


° 
. 
o 
° 
> 
* 
i 
+ 
_ 
* 
2 
* 
> 
_ 
- 
- 
7. 
. ‘ . ‘ —_ 
anti-adhesion, abrasive resistance, ° 
* 
* 
. 
_ 
> 
= 
— 
_ 
. 
_ 
> 
— 
* 
2 
> 
— 
7. 
. 
a 
. 
o 
— 


*s fluorocarbe 


eM. W. Kellogg ¢ any 
BEERS 8 & Eww SMe Se eae le 
| am interested in Dispersion Coating Applications for: 
calendering rolls 


@ Registered trademark of Tr 
Cat 
KELLOGG [) trailer tanks 
\w/ tankcars forming dies 
storage tanks guide rolls 
THE M. Ww KELLOGG COMPANY pipe lines mattress molds 
[] pumps tire molds 
ribbon blenders 
| cone blenders 


Chemical Manufacturing Division 
P. O. Box 469, Jersey City 3, N. J. 





mixers 


hoppers 
reactors casting molds 
| shipping containers [ } coated glass tape 

] miniaturized stators 


valves 
flowmeters 


Please send me my copy of the new Kellogg Manual 
“Application Techniques for KEL-F'® Fluorocarbon Poly 
distribution transformers 


waste nevtralizers 
miniaturized relays 
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Check your application— 
pick your multiplier phototube 


Application 


Scintillation 
Counting 


Spectral] Max. Response 
Response! (Angstroms) 


Wavelength of | Sensitivity at 


Mar. Response 


Equivalent 
Noise Input ot 


(ve/uw) 25° C—Lumens 


18,600 tx tote 





Scintilletion 
Counting 


7x0? 





Scintillation 
Counting 


4000 
4000 7,000 
4000 


23,200 2x10! 





Scintillation 
Counting 
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Spectrometry 


——— 


8,500 4x io? 





Light & Color 
Measurements 


74,000 Sx 10*3 





Colorimetry & 
Spectroscopy 
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Measurements 
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the most extensive line of Multiplier 
Phototubes for special applications 








The extraordinarily high amplification ob- 
tainable from RCA Multiplier Phototubes 
makes them particularly applicable to the 
detection and measurement of low levels of 
illumination. Coupled with suitable phos- 
many of these tubes are especially 
useful for detecting and measuring nuclear 
particle radiation 


phors 


The new RCA-6372 utilizes a semicylin- 
drically shaped, semitransparent photocath- 
ode with an area of 12% square inches, 
making it extremely useful in certain 
scintillation-counting applications such as 
the detection of alpha particles. 

The new RCA-6342, for fast-coincidence 
scintillation counters, features small spread 
in electron transit time and relative freedom 
from after pulses. Its “head-on” design, with 
flat face, allows excellent optical coupling 
betwecn the cathode and the phosphor crystal. 
This tube has a focusing electrode to permit 
optimizing the magnitude, uniformity, or 
speed of the response in critical applications. 

RCA-5819, with its head-on photocathode 
of large diameter, may be used in scintillation 
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counters for the detection and measurement 
of nuclear particle radiation, and in other 
applications involving low-level, large-area 
light sources 
RCA-6199, a head-on type, is particularly 
suitable for portable scintillation counters 
It features a flat face and small size. Like the 
larger 5819, it has maximum response at 
about 4000 angstroms, has high sensitivity to 
blue-rich light and negligible sensitivity to red 
RCA-6217, also a head-on type, is espe- 
cially useful in color densitometers, spec- 
trometers, color comparators, and other 
applications calling for good red sensitivity. 
RCA-IP21 has superior signal-to-noise 
ratio. It is especially desirable for spectrom- 
eters, astronomical telescopes, and scintilla- 
tion counters using “light piping.” 
RCA-1P22 has a range of spectral response 


approximating that of the human eye. It is 
especially useful for colorimetry, spectros- 
copy, and other applications involving low 
light levels. 

RCA-1IP28 has an envelope of special 
glass which transmits ultraviolet radiation 
down to about 2000 angstroms. This feature 
makes it useful in specialized industrial and 
scientific applications such as spectropho- 
tometry 

For further information on RCA Multiplier 
Phototubes contact your nearest RCA Field 
Office : 

EAST: Humboldt 5-3900 

415 S. Fifth St., Harrison, N. J. 
CENTRAL: Whitehall 4-2900 

589 E. Illinois St., Chicago, II. 


WEST: Madison 9-2671 
420 S. San Pedro St., Los Angeles 13, Cal, 


RADIO CORPORATION of AMERICA 


SLECTROM TUBES 
® 


MARRISOH, MH. J. 

















The vast amounts of heat generated in a 
nuclear reactor powerplant must be transferred 
to a working fluid before it can be used to drive 
a turbo-generator. NDA engineers and scientists 
knew that conventional heat transfer materials 
had only limited applications to nuclear power 


systems. 


KEEP COOL Long and intensive investigation of other 
eee 


heat transfer fluids, such as liquid metals, opened 


T MIC new frontiers. These, in turn, introduced a host 
A O of new research problems which today are under 
investigation in NDA’s laboratories. The develop- 


STYLE ment by NDA of new analytical and engineering 


approaches to keep nuclear reactors “cool,” has 


contributed greatly to the design of nuclear 


reactors for power generation. 


Technological contributions such as these 
have been made possible by the coordinated efforts 
of NDA’s highly trained team of scientists, en- 
gineers and technicians. Their capabilities in the 
fields of research, design, development and en- 
gineering have been demonstrated repeatedly by 
their past achievements. Before your company 
initiates any project requiring advanced nuclear 


technology, consult NDA for expert counsel. 


For more information about NDA’s services 


write for brochure KC2. 


WHITE PLAINS 8-5800 NDA m™ NUCLEAR DEVELOPMENT ASSOCIATES, INC. 


80 GRAND STREET, WHITE PLAINS, NEW YORK 
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ROUNDUP of Key Developments in Atomic Energy 





LATE NEWS and Commentary 


Bilateral This is the year of nuclear diplomacy the world over. With interest in atomic 
Agreements energy fired in countries large and small (including places such as Thailand 
which set up an atomic energy committee in anticipation of a visit from the 
U. S. Joint Committee on Atomic Energy ), attention is being turned to means of 

getting programs under way. 

Biggest need is for information and materials. The need obviously varies ac 
cording to the state of development in a particular country. Nations that al 
ready have one reactor or are well on their way towards building one (such as 
in Western Europe) are after very practical information on specific types of 
reactor systems. They want data on how various materials actually withstand 
reactor operating conditions (e.g., radiation damage, corrosion effects, rates of 
heat transfer, etc.), data on fuel element design and performance, data on how 
parameters such as temperature and poisoning affect the nuclear performance of 
reactors. 

Countries such as India and Japan are apparently more interested in getting 
scarce reactor materials and basic information so that they can evolve their own 
technology. There is one school of thought in Japan, however, that would pre 
fer to import considerable assistance for building a small power reactor so that 
they could jump right in and get their feet wet. This school is thus more inter- 
ested in component and materials cost data. 

To get assistance such as enumerated above, a number of countries are turning 
to the U.S. It’s expected that “agreements for cooperation” as required by the 
Atomic Energy Act of 1954 will be concluded in 1955 with: Australia, Belgium, 
Brazil, Canada, England, India, Japan, the Netherlands, and Turkey. 

Actually because of the important role that the peacetime atom is playing in 
international politics, the U. S. is in competition with the British and other coun- 
tries possessing strategic nuclear materials on working with other nations. For 
example, because of the commitments involved in an agreement with the U. S., 
it is reported that were it not for India’s early need for heavy water she might 
have bought it elsewhere (see p. 8). 

Some countries in seeking agreements are after whatever might be made avail- 
able to them. Others are more specific in their interests, An example of the 
latter is one European nation that wants help on building a materials testing 
reactor. 

The success of the “atoms for peace” program is said by many to hinge on the 
degree to which cooperation is unencumbered. 


Three months after the resignation of L. R. Hafstad as AEC’s reactor director, 
AEC filled his spot last month with his deputy, W. Kenneth Davis, former man 
ager of research for California Research and Development Co. Among those 
understood to have been considered for the post were Alvin C. Graves of Los 
Alamos and Rear Admiral H. G. Rickover, chief Navy nuclear man. 

With responsibility for AEC’s programs for civilian, naval and aircraft re 
actors, Davis also takes on the key task of fostering the development of a nuclear 
industry. In contrast with Hafstad, Davis is known to be opposed to dual- 
purpose reactors as the basis for an industry. He is also said to be in favor of 
industry's taking on an important role in the chemical processing field, and he 
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LATE NEWS and 
Commentary 


CONTINUED 


Geneva 
Conference 


Naval 
Nuclear Power 


18-million kwh 
for Sale 


might be expected to look favorably upon a proposal under AEC’s “power dem 


onstration” program that would include a plan for fuel recovery. 
. 


Although it is not expec ted that the company will submit a proposal under AEC’s 
“power demonstration” program, Consolidated Edison of N. Y. is expected to file 
by April 1 an application for a license to build its nuclear power plant on the 
Hudson River. The company wants to be the first to get a license under Sec. 
104b of the new law. 

It appears assured that Babcock and Wilcox will get the contract for this first 
100% privately owned power reactor. It is understood that B & W proposed a 
pressurized light-water reactor with an “improved” fuel element, Westinghouse 
pushed its interest in pressurized-water and homogeneous reactors, and Genera] 


Electric its interest in boiling-water reactors and an “improved” Hanford reactor 


U. S. plans for participation in the UN nuclear energy conference next summer 

re jelling. George Weil, former AEC assistant reactor chief, has been named 
to be technical director of AEC’s Office for International Conference. Paul W. 
McDaniel, AEC’s deputy director of research, will be in charge of reviewing 
U. S. papers submitted for the conference. 

It is expected that several hundred abstracts of proposed papers will be sub 
mitted to AEC by the March 11 deadline. From these, complete papers will be 
asked for by May 15, the UN deadline for abstracts. Only a small percentage 
of the papers AEC menteed will be recommended for oral presentation at the 
conference. Determination of this will actually be by reviewers set up under 
Walter Whitman, secretary general for the conference. 

AEC will also run an exhibit at Geneva with American organizations participat 
ing in it. It is expected that as part of the exhibit Oak Ridge National Lab 
oratory will build a swimming pool reactor 


U. S. Navy statements that it will use nuclear power extensively are backed up 
by continued growth of submarine program. First nuclear-powered submarine 
the Nautilus, is winding up deep-diving and armament tests at sea. Second 
the Sea Wolf, will be launched no later than May, although prototype of its SIR 
reactor won't be operating until this summer Third and fourth are being built 
under fiscal-1955 shipbuilding program. Fifth, sixth, and seventh will be built 
with funds from fiscal-1956 budget being considered by Congress. 

Even further expansion is indicated by program to decentralize building 
General Dynamic Corp.'s Electric Boat Div., has built first two nuclear sub 
marines, will probably build a third. But at least one will be built at Ports 


mouth naval shipyard in Maine. And Navy has already said that Mare Island 


naval shipyard in California will be a construction center 
. 


Confirming Nucieonics’ report that General Electric is planning to sell elec- 
tricity generated with prototype submarine-intermediate-reactor power (NU, 
Jan. 55, p. 10) is a letter written by J. D. Anderson of AEC’s Schenectady of- 
fice. He informed utilities in that area that power would not be firm but would 
vary from 0 to 10,000 kw. As much as 6-million kilowatt-hours per year may be 


ivailable for three years, starting late this summer. 
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British Aim $840-Million 
at 12 Power Plants by '65 


Faced with dwindling coal re 
serves and rising power costs, Great 
Britain is embarking on a 10-year 
program that will result in 12 nu 
clear power stations with 16 rea 
tors operating by 1965. By then 
the $840-million project will have 
idded 1%4- to 2 million kilowatts to 
British generating capacity, and nu 
clear power will be providing 25% 
of new generating capacity added 
Cal h year, 

While the program is provisional 
ind subject to change, the govern- 
ment White Paper announcing its 
presented a clear detailed picture of 
how Britain hopes to achieve eco 
First, Britain 
is concentrating on two reactor 


nomic nuclear power. 


types. Gas-cooled reactors similar 
to the ones now under construction 
it Calder Hall would be built first, 
und would provide both power and 
plutonium. Later, liquid cooled 
would provide 


efficiency, 


thermal reactors 


higher thermodynamic ; 
but would require fuel enriched with 
the plutonium provided by earlier 
reactors. 

treeder reactors and other types 
homogeneous or thorium-fueled 
ire not expected to be developed 
until after 1965. But research and 
levelopment of these types will not 
be neglected until then—witness the 
fast breeder power reactor now being 
built at Dounreay, Scotland. Funds 
for this development are not in 
cluded in the White Paper totals. 

The White Paper timetable for 
onstruction of 16 reactors by 1965 
is shown in the table on this page. 
Costs for these first eight units can 
be estimated from the Calder Hall 
plant, with two gas-cooled reactors 
Construction there will total $42- to 





$56-million, and original fuel loading 
will cost about $14-million. A new 
fuel charge will be needed every 
5 years 

The nuclear power stations would 
be built by industry, but would be 
operated by the government's Elec- 
tric Authorities. The authorities 
blanket the British Isles, including 
Northern Ireland. The Northern 
Ireland Ministry of Commerce has 
already invited appli ations from en 
gineers to fill a “post connected with 
developments in the use of nuclear 
energy. The engineer appointed 
will train for about two years at the 
British Atomic Energy Research Es- 
tablishment at Harwell 

Will the program provide eco- 
nomic power? The White a 
says it can—it estimates that the first 
! roduce power for 7 
mills /kilowatt-hr It bases its esti 
mates on a_ station life of 10-20 
years at a load factor of 80%. But 
it reduces 


stations can 


power cost initially by al 
lowing credit for plutonium at “thou 
sands of pounds (sterling) per kilo 
gram.” ‘This price is based on civil 
ian use of plutonium, it is expected 


to drop eventually, but the drop 
would be balanced by improvements 
in plant efficiency. 

Another uncertainty in the power 
cost estimate is that it’s based on 
even the first plants being more effi 
cient than the Calder Hall unit. 
Costs are based on extracting as 
much as 3,000 megawatt-days of 
heat from every ton of fuel. To 
quote the White Paper: “There is as 
yet no practical experience of this 
level of irradiation at high tempera- 
tures and the metallurgical behav 
iour of the fuel elements is uncer 
tain. But there are many lines of 
deve lopme nt which should overcome 
such metallurgical defects as may 
appeal g 





Timetable for Britain's 10-Year Program* 


No. of Begin sequin 


alions reactors constr oper 


1957 1960.1 
1958.9 1063 


Gas cooled 


7 /pe of 08 Elec oulpul 


reactor ) (Mw) 


(748 cooled 


4100-800 


improved 


1960 1964.4 


Gas cooled (? ) 


higher power 


1961.2 1965 


Liquid cooled 


enriched (? 


ling the experimental units at Calder Hall and Dour 


tion and installation costs shown 


Total initial loadings t ed fuel might amount 


on Capital costs of required new processing fa tie A i run about $84-million 


evelopment capital costa might be $84 
ided in this program, more than $840-million w 


112-millior Si at to be ce 


mpleted after 
1g the next 10 years 
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Another factor influencing costs is 
fuel processing. Since processing 
for the first plants will be carried 
out at existing facilities, costs are 
known. As the program progresses, 
new facilities will be needed. “Big 
reductions” in processing costs are 
expected when a new fuel-fabrica 
tion plant and a new chemical proc 
essing plant for used fuel are even 
tually completed 

Fuel cost. If efficiency of the 
early reactors is about 20%, each will 
produce about 250-500 Mw of heat 
for 50-100 Mw electric capacity. 
Taking burnup as 3,000 Mw-days 
ton, the first a & would be 73 
146 tons of natural uranium for 8 
years operation at 80% load factor, 
or 121-243 tons for 5 years. Ex 
tending this rough calculation on 
the basis of the $7-million loading 
charge for a Calder Hall reactor, 
you get a cost for fabricated natural 
uranium fuel ranging from $15 to 
$50 per pound, 

Can Britain afford this program? 
Financing should not be a burden 
As the White 
Paper points out, addition of nuclear 
power will reduce the need for 
other sources of power, Thus, in 


to British economy 


vestment in conventional stations 
and in coal mining will be cut 

Other benefits. 
counting on the 10-year program to 


Britain is also 


turn a present stumbling block into 
advantage. Construction of the first 
plant under the program won't start 
until 1957 because industry lacks 
the training to do the job. By es 
tablishing a long-range program, the 
government hopes to hasten train 
ing by increasing industrial interest. 
An experienced industry, backing 
well-deve loped nuclear power plants, 
would enable Britain to cash in on a 
valuable export trade, 

Most of the burden of training in 
dustry’s engineers has fallen on the 
Atomic Energy Research Establish 
ment at Harwell. Last month, Man 
chester University inaugurated a 
new six-week course in nuclear en 
gineering. 


UN Works on Meeting, 
U. S. Atom Plan Grows 


While the United Nations works 
to build its August international 
atomic energy conference on the 
agenda and rules of procedure set 
down by its advisory committees 
(NU, Feb "55, p. 5), the United 
President 


7 


States is implementing 
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Eisenhower's atoms for peace plan 
through bilateral arrangement: In 
February, the Atomic Energy Com 
mission announced the sale of 10 
tons of heavy water to India; nego 
tiations 
with hints that 
the first 

U. S. providing assistance; and Rep 
Sidney Yates (D. Il.) introduced a 
resolution in the House of Represen 


truction of a 


continued with Belgium 
Jelgyium might get 
power fr ictor wit! the 


tatives calling for con 
power reactor in Hiroshima, Japan 

Heavy water for India. A sub 
committee of the Joint Committee 
on Atomic Energy 
that heavy water be provided for an 
Indian research reactor to be built 
at Trombay. Its 
based on a Far East junket between 
sessions of Congress, was 
ina trip report re leased at the same 
time as the AE¢ 
it had agreed to ar 
ment request for sale of the heavy 
water. The Trombay 
be operating by 1957; it will cost 
$2-million. 

Belgian, Japanese reactors. The 
idea of the U.S prov iding a reactor 


recomltic riche d 


recomiine nd 


ition 


contained 


announcement that 


Indian vovern 


reactor will 





for Japan isnt new; AEC Commis 
Murray 


such a step almost a year ago. Sut 


ioner Thomas suggested 
the Yates proposal raises the que 
tion of what nation will get the first 
U, S. aid towards nuclear power. 
wartime 

U. S. owes Belgium information and 
materials that can be applied to 
peaceful use of atomic energy. This 
for Belgium's 


Under agreements, the 


is partial recompense 
wartime providing 
uranium ore. Until the 
Atomic Energy Act of 1954 was 
passed, the U. S. couldn't legally 
provide all it had guaranteed to 
Belgium. 

It Congress passes the Yates pro 
osal, the administration would still 
ave to negotiate with the Japanese 


cooper ition in 


Congo 


government to set up a_ specific 
agreement. It’s unlikely that Japan 
will get the first U. S. aid. 
UN conference agenda. After 
starting with plenary sessions, the 
conference will divide into simul 
taneous sessions and then conclude 
with a final plenary session. The 
topical agenda on which conference 
planning is based provides the fol 


. 





hours 
Need for 


role of nu 


lowing breakdown of time 
First plenary sessions 

a new power source, 5% 
building of a nu 
| 
health 


clear energy, 3 
clear enterprise, 3; 
and safety production 


energy 
\ aspects 3; 
and use of isotopes, 3 problems re 
lating to large quantities of radio- 
active substances, 3 The aim of 
these plenary sessions is to provide 
the broad base for further discussion 
Reactor 


Simultaneous sessions 


sessions include: research reactors, 
gy: power reactor systems for devel 
opment, 9 proto 
types, 6; raw materials technology 
9; reactor chemistry and metallurgy 
9; liquid-metals technology, 3; waste 
treatment and disposal, 3. Reactor 
physics would be 
eight 3-hr sessions; chemistry and 
metallurgy in 8-hr sessions 
biology and medicine in eleven 3-h: 
sessions; and industrial and research 
applications of isotopes in five 3-hr 


power reactor 


considered in 


seven 


sessions. 

Closing plenary session. This 3 
hr adjournment will be devoted to 
a consideration of thorium, reports 


on measures of assistance to other 


Washington Report 


Considerable attention is being paid in Washington 
these days to two facets of international atomic 
energy activities—(a) the worldwide race for de- 
veloping commercial nuclear power plants and (b) 
the “atoms-for-peace” program 

Contenders in the power race have been consid- 
ered to be the U, S., From 
the viewpoint of getting practical plants built the 
British have been thought to be in the lead. If 
there was any question about it, the clincher was 


England and Russia 


applied last month when they announced a_ bold 
program of putting 16 large power reactors into 
This 
U. S. five-year program of building five experimental 
dust 


operation by 1965 (see p. 7 dwarfs the 


reactors, and leaves in the the one Russian 
5,000-kw plant 

The fact that we are In a Trace Was emphasized by 
two members of the Joint Congressional Committee 
on Atomic Energy. Said Sen. Pastore (D, R. I.): 
“I have always felt that we are in a race with other 
countries of the world in achieving this objective of 
producing electric power by use of atomic energy.” 
Said Rep. Durham (D, N. C 


around here for another period of years, somebody 


“If we have to mess 


else might beat us to it.” 
Presumably there are three goals in this race: (a) 


usual competitive desire to be first, (b) demonstra 
tion to the world of interest in peacetime atom, and 
¢) competition for the foreign atomic market. On 
the latter, the British reportedly feel they can sell 
$6-billion worth of nuclear exports in the next 20 
years, 

On goal b, a Joint Committee subcommittee, re- 
cently returned from the Eastern Hemisphere, re- 
ported last month that it found an “overwhelming” 
response to the U. S. atoms-for-peace program. 
that bilateral 


various nations be set up promptly. 


The group urged agreements with 

One legal barrier that may interfere with assist- 
ance to foreign groups by nongovernmental UV. S. 
organizations and individuals is Sec. 57 a (3) of the 
49, 51). 


to the Cole report on the law, even in unclassified 


Atomic Energy Act (see pgs According 
areas this requires that anyone wanting to teach 
abroad to sell unclassified services or parts of facili 
ties, or to help build facilities, must have a ruling 
from AEC that such activities are not inimical to the 
interest of the U. S. 

This provision has been attacked on the basis that 
the Government should have no more control over 
unclassified activities in the atomic energy field than 


it does in other fields 
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ous by those attending the con 
erence, and closing remarks by the 

nference president. 

lo add to conference coverage of 
the field, a series of evening lectures 
is also planned Topics include ac 
celerators, ele mentary parti les and 
mesons, nuclear forces, nuclear struc- 
ture, the neutron, isotopic dating, 
free radicals, and new elements. 
Scientists of world repute” will be 
invited by the UN to deliver these 
lectures. 


APDA Doubles Budget, 
Starts Component Tests 


Doubling its budget for last year, 
Atomic Power Development Associ 
ites will spend $3,815,000 in 1955. 
Io date, the 33 member companies 
of the AEC-approved nuclear power 
study group have contributed about 
$3%4-million total to the study since 
it started in 1951. 

Reason for the jump is that the 
group has reached the point where 
esults of paper studies of its pro 
posed sodium-cooled breeder power 
reactor can be tested on actual com 
ponents. Thus this year’s budget 
includes the cost of full-scale pumps, 
piping, heat exchangers and other 
devices for handling liquid metals 
at high temperatures. Also in 
cluded is a high-temperature steam 
generator being built by Babcock & 
Wilcox. 

A new laboratory will be estab 
lished at Detroit Edison's Delray 
generating station so that the com 
ponents can be tested under reactor 
plant conditions, but without use of 
ictual nuclear fuel. 


Columbia, MURA, Israel 
Will Add Accelerators 


Construction has started on a 
physics research building at Colum 
yia University, New York, which 
will house a 6-Mev Van de Graaff 
accelerator. Plans for two other ac- 
celerators have been announced by 
Midwestern Universities Research 
Association (MURA) and by Weiz 
mann Institute for Science in Israel. 

The Atomic Energy Commission 
is contributing $295,000 to the cost 
of the Columbia laboratory, and will 
upply the accelerator on loan 
Cost of the High Voltage Engineer 
ing Corp. machine will be about 
$450,000. The machine will be 
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About the Industry 


Insuring reactor facilities against any possible catastrophic failure 
is one of the biggest problems facing the atomic energy industry 
So far, private insurance companies have balked at underwriting 
this risk unless some way is found to establish a multimillion 
dollar fund to cover possible claims 

Directly related but perhaps overlooked are problems raised by 
the need for insuring workers against possible occupational injury 
or disability caused by radiation. In many states this is required 
under workmen’s compensation laws. 

That this insurance can be a major cost item to a company 
using radiation extensively is shown by recent occurrences in New 
York. State law requires that insurance be carried either with a 
private underwriter, with the state insurance fund (which charges 
an added 100% for premiums), or by the company itself in the 
form of securities deposited with the state. Premium rates are 
set by a rating board composed of representatives of insurance 
companies doing business in New York. 

One company engaged in preparing radioisotopes for medical 
and industrial use applied for compensation coverage. ‘The rating 
board set premiums for this company’s radiation workers at $5 per 
$100 of payroll; 5 months after an appeal, this was reduced to 
$3.40/$100. For comparison, the secretarial rate averages 17 
cents /$100; the chemical industry $3.40; steel erection $18.80, 

Because they had no actuarial experience on such a risk, more 


than a half-dozen private insurance companies would not write a 


compensation policy. The company was forced to enter the state 
fund, paying an actual $6.80/$100 premium. Since payroll is the 


major expense of this company, this has the effect of cutting its 
profit margin by more than 5%. 

The one silver lining is that after a year in the state fund, the 
company can ask to be assigned to a private underwriter if it still 
can't get private coverage on its own. This would eliminate the 
100% override And, as years of actuarial experience are built up 
perhaps the rate can be reduced on the basis of a good safety 
record. 

But any safety record will have to combat a far-reaching pro 
vision of state law adopted in 1947—that any disease or disability 
attributable to radiation exposure will be considered a compensa 
tion claim if incurred by a worker exposed to radiation. There is 
no time limit for filing a claim, and the burden of proving that 
the exposure was not harmful falls on the employer. Even com 
pliance with the codes going into effect in New York do not give 
the employer an absolute defense against damages. ‘The theory 
is that an employee who is particularly sensitive to radiation still 
is entitled to full compensation for injury 

The atomic industry can hasten insurance-rate reduction and 
gain acceptance as a risk by combating actuarial hesitancy with 
facts: safe operation of at least 22 U. S. reactors for a total of 
over 134 reactor-years since 1942; AEC’s safety record that won 
the National Safety Council merit award in 1953, and includes an 
injury rate less than a third that of over-all industry, with only 
4 radiation injuries since 1947 outside of weapons tests; plus strin 
gent regulation by State and Federal authorities (see editorial, 
page 17). 
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used in systematic wecelerator in 
nuclear energy level 
methods 
tions. 
The 
third accelerator at 
Weizmann Institute i 
3-Mev accelerator for 


‘ ! 
clear reactions involvir 


for measuring in size to one 


Van de Graaff will be 
Columbia ple (see p. 74). 
wequiring Members of 
study of nu 


t high-energy gan 


' 
due {[ 


Colle ge. 
tory, Wayne U, 


protons. 
MURA, 
in 1953 by ei 
versities with the aim of 
a central high-« physics labo 
ratory, plans to have a 20-30 Bey 


organization formed 


hit 


an 
midwestern un 
setting up 


nervy 





Kerst. 


Reactor News 


Canada plans industry power prototype. With the 


intention of creating a m Canadian industry to 


supply domestic and foreign commercial markets for 
the 


ernment has invited industrial firms to propose de 


reactors and thi il compone nt ( anadian gov 
sign, construction and operation of a 20 Mw (elec.) 
prototype power reac tor tor ope ration starting in 
early 1958. The prime contra tor will be expected 
to share in the project 


; cost 


Chalk River will sup 
ply nuclear data 

Under a set up similar to the AKC Duquesne deal 
on the PWR (NI 
provide the power plant and sit 
the entire plant. The 
steam and use the power in an existing system. 


April A, p. 78), a utility would 


is well as operate 


utility would purchase the 


The reactor probably would use pressurized heavy 
water as primary coolant and moderator, zirconium- 
clad natural uranium fuel el ments and some plu 
tonium to reduce core siz 

In the meantime, work ji at Chalk 
River on NRU, which is due to operate in June, 1956 


It will be used to produce plutonium us well as pro 


continuing 


vide facilities for testing components for the proto 
100-Mw 


type power reac tor and an eventual (elec. ) 


reactor. 


Britain tests Calder Hall pressure shell. One of the 


two 40 ft-diam by 60-ft hells to be 
to contain the Calder Hall reactors r portedly has 


pre sure used 


undergone its initial heat test. Formed of several- 
inch-thick shaped and welded steel plates, the shell 
briefly was heated inside to check distortion due to 
Other tests will 


the temperature differential use 


pressure and vacuum to detect leaks 


Hydrocarbon coolant-moderator proposed. North 
American Aviation studies on a reactor using a hy- 
drocarbon for moderator and coolant are believed 


10 


operation 
The machine would be comparable 
now 
it Brookhaven National Laboratory, 
but would use a new 


MURA 
Universities of Illinois 
Minnesota and Wisconsin 
Indiana | 
Argonne National Labora 
and the 
of Chicago are « ooperating in MURA 
design studies headed by 


by 1961 AEC Budget Total Down, 


but Operating Cost Rises 


According to the budget for fiscal 
Atomic 
expe nditures 


being designed 
Energy Commission 
will total $2-billion—a 
irop of $50 million from fis« al 1955 
But budgets 
dont give too true a picture of how 
much the 
spe nd For ¢ xample 

AEC is asking only $1,129,900 
000 money. All this goes 
D. W for operations Added to it will be 


$221,845.000 unspent from pre 


design pring 1956, 


include the 
lowa, Michi 
Pur 
lowa State 


ubmitted to Congress 


and agency will actually 


University 


in new 





ViIou 


being considered for experimental deve lopme nt 
\lthough radiation-induced decomposition problems 
could arise, the relief from corrosion and pressuriza 
tion difficulties encountered with water reactors is r¢ 


ported to make hydrocarbon use a promising possi 


bility. Use of terphe nyl is being studied, 


AMF to build first industry-owned reactor; North 
American Ma- 


awarded contract 


American Armour contract. 
chine & Foundry ( 
Q.1l-l-Mw swimming pool type 
Battelle Memorial Institut 
about 10 industrial firms join AMF in sponsoring a 
AME’ re facility 
purposes (NI Feb. ‘55 

will be about $125,000/y1 


Both of these new reactor facilities will be some- 


gets 
o., after be ing 
lol research reactor 
lol has proposed that 


for their own research 


Pp 


similar ictor 


Operating cost 


what similar to those planned at the University of 
Michigan and Pennsylvania State College, for which 
Oak Ridge’s Bulk Shielding Reactor is the prototype 

Battelle’s reactor facility, which is scheduled for 
operation in February, 1956, will cost about $1.5-mil 
lion. 

North American is building a 50-kw water-boile: 
Armour Research Foundation (NU, Oct. 


Seven firms have signed as sponsors of 


reactor for 
54 p 78 


this program; about eight more are expected. 


Reactor kinetics due for more experimental ap- 
praisal. In a program aimed at improving inherent 
safety of reactor designs, Phillips Petroleum Co 
next June will begin testing kinetics of various re 
4 new facility to be built at 
the National Reactor Testing Station will be used. 
The facility 


will consist of a test pit building and struc- 


actor configurations 
for which construction bids have been 
made 
tures for control, instruments, and mechanical] equip- 


ment 
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ippropriations last year for plant 
ind equipment and $170.7 million 

f unused 1955 operating capital 
Thus, AEC will have $1,513,672,000 
to spend for operations in fiscal 
1956. This is allotted as follows 

ill figures in millions of dollars 
fiscal 1955 figures in parentheses for 

mmparison): source and fissionabk 

iterials, 909.9 (728.7): weapons 

108.3 (261.8): reactor development, 
118.2 (94.6 physical research, 
13.6 (40.0): biology and medicine, 
27.0 (27.0); community, income of 

2 (income of 2.0); ‘program di 
rection and administration, 3.2 

33.4); and security investigations, 
5.7 (8.4). 

Chis totals $1,443,800,000. The 
difference between this operating 
cost figure and funds available is 
taken up by inventory increases 

wking capital changes, and obli 
gated balances for work to be done 
ifter fiscal 1956. 

For an estimate of how much 
AEC will spend, take the $1.4-bil 
ion figure as being closest. 

In addition to operating costs, 
AEC also normally asks for money 
to finance additions to its plant and 
equipment—capital expenditures 
It had an excess of $446-million al- 
lotted in fiscal 1955; after transfer 
ring part of this to the operating 
budget, it still has $214-million for 
fiscal 1956. Included in projects 
this will finance are $59.4-million 
for production plant improvements 
$34.1-million for prototype military 
reactors, and $39.9-million for de 


] 


velopmental power reactors. 


CANADA'S NRU research reactor is being 
pushed for June '56 completion. Con- 
struction operations are shown here. 
Rather than have H,O coolant enter core 
as in NRX, higher-flux NRU will have D.O 
circulate to heat exchangers outside 
reactor 
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Industrial Applications 


Continuous weighing of light materials. A new weighing method 
based on radiation absorption seems to offer the first satisfactory 
method of weighing bagasse—thc residue after extracting the juices 
from sugar cane. Bagasse is bulky and contains about 50% water. 
Its particle length averages less than l-in. Moving bagasse is 
weighed with an error of under 2% by measuring its radiation 
absorption as it drops off a conveyor belt at the end of the sugar 
extraction process. Weight is calculated from absorption of either 
Co” or Ce'* radiation. Bagasse weight is important as it to 
gether with juice weight gives the amount of sugar cane milled, 
Because incoming sugar cane contains dirt and rock actual cane 
weight has previously had to be estimated. It was impractical to 
weigh bagasse as it moved along a conveyor belt at the end of 
the process. The new method has been tested for two years by 
the Hawaiian Sugar Planters’ Association experiment station, A 
full-sized commercial model is now going into operation. Possi 
bility of weighing raw sugar in same way is presently under study 


Rubber vulcanized by radiation. Gamma radiation from cobalt 
60 has been used to vulcanize both natural and synthetic rubber 
Heat and chemical agents were not needed. Quality equal to or 
better than that obtained with conventional vulcanization is at 
tained, according to the Air Research and Development Command, 
Baltimore, Md. Method is most promising for special rubbers. 


Radioactive sand plots silt movement. Common problem in keep 
ing shipping channels open, preventing floods, and maintaining 
sand at beaches is need to know the silt distribution pattern. Re 
sults of a distribution study using artificial radioactive sand have 
been called very promising by the British Atomic Energy Research 
Establishment and Government Hydraulic Station personnel who 
carried out the test. Sand was traced for up to 13 miles from its 
dumping spot in the Thames river. Sand was made by first pro- 
ducing glass containing scandium. Glass was ground to 0.07 mm 
to match local mud. It was then reactor irradiated to yield 85-day 
Sc* that emits 1.12- and 0.89-Mev gammas. About 0.22% of this 
sand was mixed with natural mud and lowered to the river bed 
Activity was traced for two weeks, using underwater detectors. 


New static eliminator being developed. Current method for dis 
sipating static electricity is ionizing the surrounding air, so charge 
will leak off. A new approach, supplying air of one polarity to 
neutralize the charge, is being developed at the U. of Arizona, 
under sponsorship of U, S, Radium Corp, and Wesix Electric 
Heater Co. Unipolar air is made by ionizing air with polonium or 
radium-D foils and capturing the unwanted ions on charged plates. 
Radioisotope sources are best of all available ionization means, as 
they have best controllability and do not produce ozone. Air- 
ionization importance in comfort and physiology is under study 
(Heating Piping and Air Conditioning, Oct. '54, p. 120). Inhab- 
ited-room air has fewer negative ions than does outdoor air. By 
supplying them it is thought that outdoor comfort can be restored 
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News in Brief 


Offer intensive course on reactors, radiation. For a 
$200 tuition fee, an engineer without experience in nu 
clear technology can update himself at a two-week course 
on nuclear reactors and radiations in industry at the Uni 
versity of Michigan. The August 15-26 sessions will 
progress from lectures on elementary theory to demon 
strations of industrial applications. Deadline for applica 
tions is June 1; write W. Kerr, Dept. of Electrical Engi 
neering, University of Michigan, Ann Arbor, Mich. 


Nebraska group to study nuclear power. Consumers 
Public Power District of Columbus, Nebraska, is under 
taking a one-year, $100,000 survey of nuclear power 
under AEC’s industrial participation program. 


Plan background course for top management, conference 
on atomic energy in industry. A “thorough but non 
technical course in atomic energy designed for business 
executives who are not scientifically trained” is being 
sponsored April 24-30 by the National Industrial Con- 
ference Board, 247 Park Ave., New York 17, N.Y. Lee 
tures, discussions, and demonstrations will be held at the 
Westchester Country Club. Fee is $465; emphasis of 
course is on industrial uses and such problems as secur 
ing qualified personnel, public relations, and business 
potential. October 26-28, NICB will hold its fourth 
annual atomic energy conferen e, 


Stanford doubles available radiation. Adding a second 
2,000-curie cobalt-60 source to its irradiation unit, Stan 
ford Research Institute will be able to halve the time 
needed for experiments. Source was obtained from 
Brookhaven National Laboratory 


Yale gets $3-million for biophysics research. The John 
A. Hartford Foundation has awarded a $3,160,000 grant 
to Yale University to support biophysics research. 
Money will support a new $460,000 laboratory at Val- 
halla, N. Y., for 15 years. E. C. Pollard will head Yale’s 
new biophysics department; F, Hutchinson will be resi- 
dent director at Valhalla next year. Part of research 
program will be aimed at radiation processing of foods. 


Choose PWR construction contractors. Duquesne Light 
Co. has selected Burns & Roe, J, Rich Steers, and Hatzel 
& Buehler as general contractors for construction of the 
pressurized-water-reactor power plant facilities. 


Consulting firm expands space. Nuclear Development 
Associates has been renting space in White Plains, N. Y. 
Now, the firm has bought (a) an 1,100-acre tract near 
Poughkeepsie where it will build a small, secluded 
laboratory; (b) a four-story Consolidated Edison build 
ing in White Plains, with 55,000 square feet compared 
to present 18,000. 


East Germany bids for West's scientists. R. Havemann, 
director of the Physical and Chemical Research Institute 
of Humboldt University in East Berlin, used a recent 
newspaper article to invite West German scientists to 
join the research staff being created to work with a 
planned research reactor 


British dump 1,500 tons of radioactive waste into At- 
lantic. What is probably the biggest dumping of radio- 
active waste into ocean waters has been carried out by 
the British. Included in 1,500 tons dumped somewhere 
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outhwest of Lands End where water is 7,200-ft deep 
vas bulky used apparatus. But all materials were in 
containers designed to last at least 30 years 
dumping was necessary after miners objected to planned 
use of disused coal mines for storage. 


Ocean 


Select site for first Australian reactor. An area of 150 
acres about 20 miles south of Sidney has been set aside 
as the site for Australia’s first research reactor. Com- 
plete research facilities are planned. Coastal location 
facilitates dumping of wastes at sea. Besides isotope 
production and research on nuclear power, the new 
center will engage in thermonuclear engineering. 


Forum, Stanford Research plan meeting. Atomic In- 
dustrial Forum and Stanford Research Institute will 
jointly sponsor a meeting April 4 and 5 on “Atomic En 
ergy—the New Industrial Frontier.” San Francisco ses 
sions will include discussions by G. Seaborg, B. Morgan 
E. Teller, J. Johnson, C Starr, R. P. Petersen, and M 
Calvin. 


Germany setting up nuclear institute. By 1956 Bonn 
University will have an Institute for Nuclear Physics 
equipped with a 30-Mev synchrocyclotron. 


AEC power needs—still rising. In fiscal year 1956 
(starting July 1) AEC will get 12.8% of the total national 
sales of electric power to ultimate consumers. This is 
a 50% increase over fiscal "55. But AEC load will level 
off in fiscal ’57 while national total continues its climb, 
so AEC share will decrease then. 


AEC asks industry to review regulations. Before it 
promulgates regulations affecting any industry, AEC is 
asking industry to comment at roundtable conferences. 
First group, 17 power company officials, will discuss 
licensing. 


AEC releases fall-out data. That radioactivity blanketed 
an area 220 miles downwind from the H-bomb test last 
March was announced almost a year later by AEC. Its 
February 15 announcement said that completely lethal 
doses would be received by persons not taking precau- 
tions in an area 140 miles in length, up to 20 miles wide. 
Time required: 36 hours. But AEC spelled out that 
precautions like taking shelter, washing off fallout dust, 
would be effective. 


Von Neumann appointment finally gets public hearing. 
On February 9, Sen. Clinton Anderson announced that 
the Joint Committee on Atomic Energy planned a March 
public hearing on confirmation of President Eisenhower's 
third appointment of John von Neumann to the Atomic 
Energy Commission. The scientist was first appointed 
last fall, received an interim appointment when Congress 
failed to act then, and was reappointed this January. 


Two more regions get ORINS symposia. Under its pro- 
gram to make Oak Ridge staff resources available to 
schools and colleges, Oak Ridge Institute of Nuclear 
Studies is planning its third and fourth regional sym- 
posia. On March 5, University of South Carolina spon- 
sors “Science and Atomic Energy” at Columbia, S. C.; on 
March 11 and 12, University of North Carolina, Duke 
U., and North Carolina State College will divide sessions 
on “Atomic Energy in Science” among their campuses. 
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A sintered metallic oxide of excellent physical 
and electrical characteristics, Alite offers the 
electronic design engineer a new material with 
intriguing possibilities. 

For example, Alite is one of the very few mate- 
rials which maintain excellent low-loss charac- 
teristics over a wide frequency range— from 
power frequencies throughout the entire spec- 
trum into the super high frequencies. (The 
power factor at 60 cycles is .0005 and increases 


to no more than .0008 at 10,000 megacycles.) 


Of equal importance is the ability of Alite to 
maintain its excellent dielectric characteristics 
at high temperatures. Its volume resistivity at 
room temperature is 10" ohm cm and at 1000°C 
is 10°, far superior to electrical porcelains or 
steatites. 

Outstanding electrical characteristics, coupled 
with high mechanical strength and relative ease 
of making vacuum tight Alite-to-metal seals 
greatly expands design possibilities in electron 
tubes as well as in a host of other electrical 


applications. 


Write for detailed technical data 


ALITE DIVISION 


Akron 9, Ohio oe ! 
— 
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PROPERTIES OF COMPOSITION 
AE-212 


Alite Composition AE-212 has been de- 
veloped specifically for electronic applica- 
tions. Additional Alite formulations are 
available for other specific purposes. 


ELECTRICAL 


Dielectric Constant @ 60 cy. 

@ 1 mc 

@ 1000 mc 

@ 10,000 mc 
Dielectric Strength (volts per mil) 
Power Factor @ 60 cy. 

@ | mc 

@ 1,000 mc 

@ 10,000 mc 
Loss Factor @ 10,000 me 
Electrical Resistivity @ 25°C 

@ 200°C 

@ 400°C 

@ 600°C 

@ 900°C 


MECHANICAL 


Tensile Strength 26,500 psi 
Modulus of Rupture (\4" rod) 48,000 psi 
Compressive Strength 285,000 psi 
Modulus of Elasticity 43x 10° 
Specific Gravity 3.62 
Density (lbs./cu. in.) 0.131 
Water Absorption 0.00 
Porosity Vacuum tight 
Hardness ( Moh's) 9 
Color White 
Working Temperature (Max.)  1600°C 
2912°F 
Specific Heat 19 
Coefficient of Thermal Expansion 
(25-200°C) 
(25-400°C) 
(25-600°C) 
(25-800°C) 
(25-1000°C) 
Thermal Conductivity 
Beu/hr./sq.ft./*F/in. @ 100°F 130 


6.58 x 10* 
7.20 x 10° 
7.65 x 10° 
8.07 x 10° 
8.45 x 10° 





The Stokes 50-pound lab 
oratory vacuum furnace 
@ prototype of full scale 
equipment, is specially 
designed for the study of 
vacuum metals ond their 
production. 


Stokes manufactures a complete line 
of vacuum pumping equipment. This 
includes mechanical vacuum pumps, 
diffusion and booster pumps, vacuum 
valves and gages, and complete 
vacuum instrumentation. In engi- 
neered high vacuum equipment, 
Stokes builds vacuum metallizers, 
vacuum furnaces and other vacuum 
processing equipment. 


Stokes has for many years been 
active in vacuum. research. Vacuum 
experience among our engineers 
covers the range from laboratory 
equipment to some of the largest 


vacuum equipment in service. This 
experience is available to help solve 
your vacuum problems. 


14 


STOKES MECHANICAL 
VACUUM PUMPS 


For vacuum processing systems and 
for maintaining low fore-pressures 
in high vacuum systems, the Stokes 
Microvac pump provides efficient, 
economical operation. Designed 
with fully automatic lubrication 
and a long-lasting exhaust vaive 
assembly, every Microvac pump is 
assured of smooth, trouble-free 
operation. Six sizes give capaci- 
ties from 15 to 500 cfm. Gas-ballast 
available on all sizes. Send for 


catalog listed. 
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A NEW VACUUM FURNACE 


Stokes has developed a new vacuum furnace specially designed for laboratory and 
developmental work. Although nominally rated at 10 to 50 pounds of steel melt capacity, 
this compact unit has a large interior which permits flexibility in mold design and 
crucible size to give small production runs when required. This adaptability 

for either laboratory or production purposes is unique to the Stokes 

laboratory furnace. In every way, this laboratory unit simulates the 

operation of full-size vacuum furnace equipment, of which 

Stokes is the leading supplier. 


One of the important design features of the Stokes laboratory SEND FOR 


furnace is the vacuum lock, which permits multiple melts, melt TECHNICAL 

LITERATURE; 

‘ “ : é Microvac Pumps—Catalog 750 
and manipulation of the melt, all without breaking vacuum. Diffusion and Booster Pump 


° . Specification sheets 
Other features include a large mold turntable, which can be and purlermence cured 


sampling and corrective additions, use of immersion thermocouple 


supplied with a pre-heat furnace, grouped controls for The Story of the Ring-Jet Pump 
° ‘ : ‘ 7 Complete Vacuum Processing 

convenient operation and a matched, high-capacity pumping Systems—Cotaleg 730 

How to Care for Your 


system using the new Stokes Ring-Jet Booster pump and Vecuum Pump—Booklet 755 


the dependab i * tore . Vacuum impregnation — 
lependable Microvac forepump — oe 

, ‘ Vacuum Drying—Catalog 720 
If vacuum metals are a part of your future, or might be, write Sierninhy Cettetaiman 


” ° ° | 790 
to Stokes for more information on both laboratory and pion: 


Vacuum Metallizing — 

high-capacity vacuum furnaces. Catalog 780 
Vacuum Calculator 

. . ‘ Slide Rule 

F. J. SroKES MACHINE CoMPANY, 


PHILADELPHIA 20, Pa. 


VACUUM EQUIPMENT 
ry 
i STOKES VACUUM VALVES 
STOKES RING-JET DIFFUSION To control vacuum safely and surely, Stokes 
AND BOOSTER PUMPS vacuum valves are available in 4, 6, 10 and 


16-inch standord flange sizes. 
The new Stokes Ring-Jet Pumps em- 
body a new concept of the diffu- STOKES-McLEOD VACUUM GAGES 
sion principle. Size for size, they For measuring vacuums from fractions of a 


have pumping speeds of 10% to micron up to 50 mm, Stokes-Mcleod gages are 


mare this 100% cbove civ other the standard of reference. Four sizes available. 
diffusion pump for a given heat 
input. Ring-Jet Diffusion Pumps are 
available in sizes of 4, 6, 10, 14 
and 16 inches; Booster Pumps in 
sizes of 4, 6, 10 and 16 inches. 


Send for information listed. 


ENGINEERS: Stokes is continually adding to its engineering and technical sales OFFICES IN PRINCIPAL CITIES, 


staffs in the high vacuum, industrial tabletting, powder metal and REPRESENTATIVES THROUGHOUT THE WORLD 
plastics molding fields. If you can qualify, there may be a position for you 
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S40, Nuclear Radiation Instruments 


SAVE TIME when replacing the gas filling of 
the Bio tube. Because the gas is at low pres- 
sure, facilities are available in most labora- 
tories for replacing the argon and ether. The 
cover at the lower end of the instrument is 
easily removed to expose the glass refill tube. 


SAFER OPERATION is assured be 
cause all external high-voltage points 
of the G-E counter are shielded 
physically as weil as electrically 





DESIGNED FOR HARD USE, the G-E 
proportional counter is well suited 
for field applications as well as those 
in the laboratory. To better with 
stand shock, the anode wire is 
mounted at both ends of the tube. 
Exposed wire ends within the cham 
ber are eliminated by a special fasten 
ing method and all seams are brazed 
to help prevent leaks. 


HIGHLY EFFICIENT, the G-E counter 
has a flakeproof coating of boron on 
the inner surface of the cathode that 
makes possible a counting efficiency 
in excess of 3.5% 








FOR THERMAL-NEUTRON FLUX MEASUREMENT .. . 


Enriched Boron in G-E Neutron Proportional Counter 
Provides 5 Times the Efficiency of Natural Boron 


By using enriched boron (Bio), General tube is low, the instrument will operate 


Electric has perfected a thermal-neutron on 500-700 volts SEND FOR 


sensitive proportional counter with an 


he i J , on pro 
idan Galt lo Give tenes crecter than CPOE, the GS neutron | FREE BULLETIN... 


portional counter is well suited for health 

physics applications, oil-well logging, and GENERAL ELECTRIC COMPANY 
Section A585-21 
SCHENECTADY 5, N. Y. 


counters using natural boron and com 


parable to high-pressure BF; counters 


LOW OPERATING VOLTAGE makes the 
G-E counter convenient for field as well 


the measurement of neutron fluxes in re 
actor installations 


FOR MORE INFORMATION, contact yor Please send me a copy of bulletin GEC 


as laboratory use. The proportional coun 
850 on the neutron proportional! counter 


ter does not require the high supply volt nearest G-E Apparatus Sales Office 
age usually needed for this type of in write for bulletin GEC-850, to General 
strument. Because the pressure in the Electric, Sec. 585-21, Schenectady, N. Y 
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Progress /s Our Most /mportant Product 
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Jerome D. Luntz, Editor 


Can We Legislate Ourselves into Radiation Safety? 


{ Guest Editorial by LAuRiIsToN S. TAYLOR, 
Chief, Atomic and Radiation Physics Division, 
Vational Bureau of Standards: Chairman, Na- 


tional Committee on Radiation Protection 


Wwe THE PAST FEW YEARS there has been a 
rapidly growing tendency to legislate on 
matters of radiation protection at all govern 
mental levels. Is this good or bad? It can 
probably be either or both At the Federal 
level, greater control on matters of health and 
safety is explicit in many parts of the new 
\tomic Energy Act. With the greatly expanded 
public use of atomic energy and its by-products 
encouraged by this Act, such attention to safety 
wise 

On the other hand one can reasonably wonder 
about the wisdom of radiation control by ordi- 
nance at the municipal level. Generally speak- 
ing, a municipality can searcely be expected to 
provide that degree of technical competence 
necessary to do much more than verify that a 
radiation source exists. And too, one should 
begin to worry when it is found that radiation 
control may be sought primarily as a source of 
revenue—through licensing. 

The solution to the radiation problem probably 
ies somewhere between the two extremes men- 
tioned above. Federal control, essential in the 
atomic energy industry, cannot reasonably be 
expected to cover the use of X-rays and naturally 
radioactive sources, which will greatly outnumber 
artificially radioactive sources for many years to 
come. If anywhere, the main burden of control 
will fall to the states, for it is essential that if any 
control be exercised it cover all radiation sources 

At once we are faced with the possibility of 
18 states developing their own independe nt 
radiation safety and control regulations. Even 
worse, there is already limited evidence that 
more than one agency in a state will establish 
such regulations. Pity the poor manufacture 
of some radiation device, if for sale in a single 
state, he must make it comply with the require- 
ments of State Health, State Labor, Municipal 
and Federal codes, all of which may differ 
slightly in some essential detail. 

tadiation is a two-edged sword, but wielded 
properly can serve mankind—wielded carelessly 
it can of course harm that same mankind 
Radiation legislation can help or hinder. Care- 
fully drawn it can guide and educate and make 
possible wider uses of radiation. To accom- 
plish this on a national scale, in a country con- 
stituted as ours with its multiplicity of govern- 


mental steps, it is imperative that all steps 
operate on the same basic principles 


ORESEEING THIS NEED several years ago the 
National Committee on Radiation Protection 
undertook to develop a philosophy and a pattern 
of radiation regulation that could serve as a 
For 25 years the NCRP 


has been recognized as the central source of basic 


guide to the states. 


radiation protection philosophy and information 
in the United States. 


national Commission on Radiation Protection 


Close ties with the Inter- 


have insured close agreement with international 
progress in the field. The subcommittee on the 
Regulation of Radiation Exposure is just now 
completing its recommendations, and some of 
these are already finding their way into proposed 
state legislation. Through the use of these 
guides it should be readily within the grasp of 
any state to establish a radiation control pattern 
that will provide that essential degree of uni- 
formity necessary to prevent utter chaos in the 
radiation protection field, 

Centralization of radiation control functions 
should be within a single agency if possible; at the 
very least a single agency should have the pri- 
mary cognizance over all radiation protection 
activities within a state. Advisory committees 
should be established to insure adequate and con- 
tinuous technical guidance to state authorities, 

Training and certification programs, in addi- 
tion to those now run by AEC, should be devel- 
oped at the national or state level to insure a 
greater supply of reliable radiation safety ex- 
perts. Let it not be believed that the average 
steam boiler inspector can be trained in a few 
days to include radiation inspection in his duties 

Good regulations, properly and uniformly en- 
forced, may well aid in the use of radiation 
But they must be reasonable and must not make 
demands upon the user that will seriously com- 
plicate or plain hinder his operations. A rule 
that would necessitate daily accounting of 
numerous small quantities of radioisotopes would 
quickly end in neglect. So then also would some 
more essential rule. Regulations, however good, 
if not enforceable, will Jead to neglect and abuse, 
to the development of a false sense of security 
and to their ultimate disrepute 
T° ANSWER OUR QUESTION. Yes, we can have 

radiation protection, and legislation can be a 
real aid in its achievement—but legislation alone 
can never doit. Let the states beware that they 
not rush in where experts fear to tread 





Reprocessing 


REACTOR FUELS 


Pulse-column solvent-extraction methods are used 


for recovering fissionable material from used reactor fuels. 


Estimated recovery costs for a projected improved solvent-extraction plant 


help define processing economics and problems involved in cutting costs. 


Volatility and pyrometallurgy methods, outlined here, hold hope for the future 


By H. A. OHLGREN, J. G. LEWIS, and M. WEECH 


College of Engineering, University of Michigan, Ann 


IMPROVEMENTS in techniques for reas 
tor-fuel reprocessing, which is 
regarded as a key cost factor, will speed 
achievement of economical nuclea: 
power. most of the 

mains unconsumed after a given rea 

tor cycle, an examination of how fission 


widely 


Since fuel re 


products, plutonium, and uranium are 
separated from spent reactor fuel helps 
in understanding major problems in 
volved in cutting processing costs 
After being used in a reactor for 
some optimum time, the fuel is taken 
out and treated to: (a) 
tivity-poisoning fission 
recover radiochemicals, (b recovel 
fissionable materials, (c) remove effects 
of radiation 
fuel for reuse by blending it with fresh 


remove reac 


produc ts and 


damage and 


feed material and reconstituting its 
structural properties 
In general, difficulties are caused by 


(a) remote operation and maintenance 


18 


prepare 


irbor, Michigan 


of concrete-shielded equipment necess! 
tated by 
fission products, and 


extreme radioactivity of 


b) problem of 
efficiently separating uranium and 
plutonium from fission products and 
each other. Loss of U and Pu to 
fission-product waste should be mini- 
mized. To handle the processed fis- 
sionable fuels directly, without using 


heavy shielding, product U and Pu 


must contain less than 1 ppm of the 

30-odd fission-product elements 
Possible processing methods for the 

fuel materials in- 


recovery of reactor 


clude chemical 


with solvent extraction, volatility meth 


aqueous processing 


ods, pyrometallurgical processing in- 


cluding inorganic extraction, ion-ex 


change techniques absorption and 


precipitation. Government-owned 
fuels separations plants use aqueous 
recovering 


chemical processing [01 


uranium and plutonium 


Aqueous Chemical Processing 
Aqueous chemical processing of reac- 


tor fuels consists of: dissolution and 


U-Pu oxidation, solvent extraction to 
remove U and Pu from fission-product 
radiochemicals separation of U from 


Pu, stripping of U from solvent to 


aqueous phase, conversion of aqueous 
U salts to metals, processing of fission 


products for specific radicchemicals, 


recovery of solvent for recycle recov- 


ery of acids from waste solutions 


removal of radioactive iodine, xenon, 


ind krypton from waste gases 


Solvent Extraction 

The solvent-extraction process, com- 
monly used in the atomic energy pro- 
gram and whose features are shown in 
Fig. 1, bases separation on the prefer- 


ential solubilities of fission products, 


plutonium, and uranium in various 


counterflowing and 
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FIG. |. Typical pulsed solvent-extraction process for separating 
Pu, U, and fission products. After slug consisting of fission 
products, Pu, and U (perhaps alloyed with Al) jacketed with Al 
has been dissolved, solution is jetted to feed makeup tank, 
where HNO, and U-concentration are adjusted. Then fuvel- 
bearing aqueous feed is pumped to extraction column A, where 
rising organic-phase solvent (tributy! phosphate in kerosene) 
removes U and Pu, and the cladding or alloying materials and 
fission products in aqueous solution drop from column into storage 
tanks. Scrub solution removes trace fission products before 


-_ 


| Solvent 


‘ees 
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processing 


processing disposal 


organic phase with U and Pu collects in upper disengaging sec- 
tion and overflows into column B, where falling reductant solution 
changes Pu's valence state so that Pu goes from organic to 
aqueous phase and comes out the column's base. Organic 
phase containing U cascades into column C, where water or very 
dilute acid (instead of concentrated HNO, used in column A) 
strips U into aqueous solution, in which it leaves at base of column 
C. Organic phase goes to column D and, after being scrubbed 
clean, is stored and pumped back to columns A and B, where it is 
reused in the process 





solutions. Variations of this process 
in separate Pu from U, or U from Th, 
and all of these from fission products. 


3 


" 


y") 


The process. After fuel elements of 


oF 
S 


a uranium-fueled heterogeneous reactor 


(3) 


f 


have been in the reactor the optimum 


5 


time for burnup and Pu buildup, they 


°o 
@ 


are removed and stored so that short- 
lived fission products decay somewhat 
and much of the 2.33-day-half-life 
Np*** decays to Pu*®*, Then they are 


Processing Cost 
° 
a 


o 9° 
y» & 


&S 


dis ved In aqueous acid solution. 





The fuel mixture may contain some A: ica ee 


structural fuel-element material such 0 0 20 30 40 
Production index 





into contact in either packed columns 
mixer-settlers, or pulse plate columns 


An advantage of pulse plate columns 
Amortization 


contain particulates and solids Pulse 


is that they can process solutions that 


| columns also have high separation effi 
cencies per unit of height 

Depending on the materials involved 
and the products desired, processing of 
fuels from different types of reactors 
might involve use ol special Process 
cycles that add to, combine, or elimi 
t i“ i nate some steps described here be 


SO 60 70 80 90 fore dissolution, it is desirable to re 
(% of capacity) 








move residual sodium from the surface 





as aluminum, chromium, niobium, or 
zirconium FIG. 2. Annual costs o 
Che process solutions can be brought — ing for varying product 
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f chemical process- ©! elements from Na-cooled reactors 
ion index Homogeneous-reactor aqueous fuels 
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FIG. 3. Cost/ib of Pu 


various rates 


U processed at 


skip the dissolution step, but must 


undergo other before being 


proce f 
introduced to the solvent-extraction 
cycle, Fuel from high! 
reactors might skip the 

but 


spiking with enriched m 


enriched [ 
Pu-extraction 
enriched by 


terial or by 


step, final! be re 


partial eou 
diffusion 
centrations of | 


passage throug! 1 ga 


plant Since iwotopic con 


and Pu differ in the 


core and blanket, the extraction 


tems for breeders might employ paralle] 


steps while using common equipment 
waste dis 


for chemical preparation 


sal, and product metallurgical work 
I | 
Pulse columns. Since the 


concrete-shield 


usual 6-ft 
thickne put 1 pre 
fact that 
shorter ’ 


mium on space, the pulsed 


columns are 2,5-3 time 
than equivalent packed columns gives 


The 


column 


them a real cost advantage 


process in Fig. 1 uses pulse 
Reciprocating pistons or bellows pulse 
the columns’ counterflowing liquids so 
that the surface areas of the 
the 


increased 


drops of 
discontinuous organic phase are 
and contact efficiency 
improved, 

The pulses’ best product of amplitude 
and frequency gives a high-efficiency 
emulsion separation in which small di 
continuous droplets of aqueous or 
organic phase are dispersed in the other 
throughout the cycle. Too little pulse 


activity 


allows the hea and light 
phases to coagulate during the quiescent 
this 


decre LseS 


part of the cycle, and 
efficiency. Overly 
forms large globs of the discontinuous 
counterflow ; 


vigorous 


pulsing 


phase und disturbs the 
still 


greater pulsing causes flooding 


Amortization 
“ 


Operating 
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FIG. 4. Cost/gm of Pu*** 


essed at various rates 


where a phase exits through the othe: 
entrance line 

To avoid physical entrainment and 
pre-flooding, care must be exercised in 
column design to provide for proper 
feed 


Pulse column 


introduction of serub solutions 


solutions, and solvent 
diameter must be large enough to pre 
vent flooding at the design capacity, 
but size is limited by criticality 


con 


siderations. Design factors include 


spacing of the perforated plates, the 


available free area, and distribution of 


FIG. 5. Cost/gm of total calculated Pu?” 
produced at various rates 


the discontinuous phase to the continu- 
ous phase 

When column diameter is quite large, 
slotted and baffled redistributor plates 
having free area 15%) are used to 
break up channeling so that the phases 
swirl into contact and better interac- 
tion occurs. In one particular case, 
suitably placed redistributors cut prod- 
uct loss from a value of 6% to 0.001% 

In a plant of much higher capacity 


than the 300,000-lb/yr plant whose 
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BrF; volatility separations process 
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{FP 4Pu yu 
FIG. 7. Pyrometallurgical process for 


uranium separation and solvent-extraction 
for plutonium purification 











economics are to be considered here, a“ 


typical pulse column might be 2 ft 


in diameter, and use stationary 2-in. 
spaced horizontal stainless-steel plates 
with '¢-in. perforations to give a 23% 
free area (3 
Diethyl ether 


being a suitable solvent extraction and 


has been indicated as 


chelating agent for effectively removing 
U and Pu 
Tributy! 


kerosene-ty pe 


from radiochemicals (4). 


phosphate dissolved in a 


hvdrocarbon has been 


said to be a suitable uranium ex- 
tractant (5 
might consist of a kerosene-type hydro- 
with 12.5% TBP 


0.18-mole /liter nitrate in 


Thus, the process fluids 
carbon -by-volume 
uranyl 
HNO 2). 
through 


and 
? 6-mole / liter 


the dis- 
feed-makeup steps de 


Continuous flow 


solution and 
creases the need for dual equipment, 
lessens criticality 


mits the 


problems, and per- 
entire 
with 
The extracted 


to operate 


process 


continuously, resultant savings. 


uranium and plu- 
tonium solutions are free of radioactive 
routed to 
that 


use as new reactor 


fission products and are 


metal-reduction operations pre- 
pare fuel, 
Waste problems. the 


etive fission products introduces 


them for 
Storage of 
portant cost factor. Economical 

rv using these products con- 
vely and adequate disposal are 
y investigated, Presently these 
concentrated and stored in 


tanks at Hanford, Oak 
River, the 


wastes are 
underground 
tidge, Savannah and at 
National Reactor Testing Station 

Effective means recently have been 


developed for selectively 


separating 
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specific radioisotopes from gross fission 
products. These methods use ion ex- 
change techniques and selective organic 
chelation and solvent extraction. 
Co-precipitation and selective leaching 
methods also might be used Improve- 


ments have been made in techniques 
for concentrating aqueous wastes into 
Thus 


ucts in packaged containers soon will 


solid form vross fission prod- 


be available 


Disposal of the liberated 


process 


gases forme! posed a problem It 


was to control dispersal of 
the gases to the atmosphere through 
tall stacks After data 


more firm, processes developed for re- 


Hecessal 


cost become 


radioactive guses trom inert 


make it 


process in highly populated areas inde- 


moving 


gas streams may feasible to 


pendently of atmospheric conditions 


These new processes effectively se pa- 


rate the radioactive iodine, xenon, and 
krypton from waste gases prior to re- 
lease to the Incidentally, 


this makes 


for sale 


itmosphere. 


an excellent source of Kr*® 


Solvent-Extraction Costs 


Investment, operation, and product 
costs have been estimated for a future 
processing plant located adjacent to a 
reactor facility (/ It is assumed that 
the three-cell plant 
and | 


lb yi 


would have a Pu 
300,000 
adequate for 
The 


solvent 


sing capacity of 


proces 
which would be 
four 5O00-Mw 
first cell 


extraction 


breeder reactors. 


would be used for 
the second for converting 
U and Pu to metals for recycling, and 
the third cell would serve as an inter- 
mediate storage area for radiochemicals 


After a 


Bevel al 


preliminary expenditure of 


million dollars for industrial 
research and development, capital in- 
$6-million. 


include 


vestment might be about 


The 


allowances 


cost estimates do not 

research and develop- 
ment, metallurgical fabrication, or fuel- 
inventory charges, which might be sub- 
Plant 


include obsole 


stantial imortization estimates 


cence 


Operating costs 


include chemical utilities, 


payroll, 
maintenance, and supplies 

Annual production costs. Figure 2 
shows the estimated production costs. 
5HOO-M w 


$1.27-muillion/ yr At 


these 
full 


ing for four such reac- 


For a single breeder, 
would he 
capacity 


proce 


tors), cost would be $1.74-million/yr. 
Cost/Ib of Pu + U. Figure 3 shows 
would be affected by 


lb cost at 25% 


how unit cost 


throughput Che $17 


capacity could be reduced to $5.80/\lb 
by operating the plant at its full 
capacity 

Cost/gm of Pu*"* + U Effect of 
charging processing costs to recovery of 
U*** and Pu The 
$0.37/gm cost at 25% capacity could 


‘is shown in Fig. 4 


be reduced to $0.13/gm at full capacity, 
where 13,640 kg of Pu®® + U? 
be recovered per year 
Cost/gm of Pu. If 
would be considered as the product to 
be sold and | 
zero-cost fuel, 


would 
plutonium 
4 could he reused 1S 
then Fig 5 shows how 
all costs of fuel recovery and processing 
would be applied to the unit costs of 
the total calculated Pu produced at 
The $6.37/ 


gm cost for Pu from one reactor could 


various plant throughputs 


be cut to $2.16/em if Pu from four 
reactors were processed, in which case 
800 ke of Pu 


annually, 


would be produced 


Other Separation Methods 
Many other 


for recovering 


could he used 
Chief 
and 


processes 
fuels 
olatility 


reactor 


among these are the 
pyrometallurgy techniques 


Volatility. The Brl 


method shown in Fig. 6 might be used 


volatility 


to purify U in conjunction with a 


solvent-extraction system for decon- 
the Pu Both 
blanket materials might be treated in 
the 


would 


taminating core and 


the same equipment in some ot 
thei 


prompt use of parallel equipment (not 


steps, but dissimilarity 
shown) for most of the operations (/) 

Pyrometallurgy. 
extrapolated process for recovering U 


Figure 7 shows an 


by using pyrometallurgical techniques 
with subsequent solvent extraction for 
The 


keep most of the U in its original physi 


Pu purification. method would 


cal and chemical state There would 


parallel steps for treating 


be some 
If slagging 
veloped that permit 


blanket and core material! 
techniques are de 
selective pyrometallurgical extraction 
of U and Pu without excessive losses in 
the slag, use might be made of a simpli 
fied process in which solvent extraction 
is eliminated 

Improved techniques and refine- 
ments in existing methods will do much 


to hasten economical nuclear power. 
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Transmission-target source, with Sr*’-¥” 


Beta-Ray-Excited 
Low-Energy X-Ray Sources 


betas, gives spectra in center for various target thicknesses and at right for bremsstrahlung 


Beta-ray excitation provides X-rays in the range below 400 kev where gamma 


emitters are lacking. 


Although present units only yield up to “0 mc of 


X-rays per mc of beta particles, their portability and stability recommend them 


for radiography, thickness determinations, and X-ray fluorescence analysis 


By L. REIFFEL 


Armour Research Foundation of the Illinoia Inatitute of Technology 


Chicago, Illinois 


PROMPTED BY THE LACK of low-energy 
(<400 kev) gamma-emitting nuclides 
for several years we have been exploring 
the possibility of using beta-ray-ex 
cited X-ray sources 
constructed using pure beta-ray emit- 
ters to bombard target nuclei much in 
the same fashion that electrons in an 
X-ray tube bombard the anode; the 
identical 
Although 


compete 


Such sources are 


two processes are essentially 
in the 
radioactive sources 
with electronic X-ray 


very high intensity is 


physics involved 
cannot 
where 


their 


SsOoOuUTCEeS 


required 


zero power consumption, small size and 


portability, long-time stability, and 
other advantages would be of value in 
many applications. 

Using Sr®%-y%” 
demonstrated the 


This 


characteristics of 


beta 


emission, we 
have practicality 


of such sources article dis 


cusses the various 
source designs and the possibilities for 
future development. 

These sources are needed because of 
the small number of low-energy-emis 
classical 


sion radioisotopes in the 


X-ray region. Among the few useful 


emitters in this region are thulium and 
iron-55. Thulium, which emits 84-kev 
§2-kev 


specific 


radiation, is available at 


activity but 


and 
high unfortu- 
nately, has an inconveniently short 
half-life of 129 days. It has 


developed for radiography* and ab- 


been 


[Iron-55 emits, by 
X-ray. 


2.9 years 


sorptiometry. 
It has a 
-but 
its energy is unfortunately somewhat 


K-capture, a 6-kev 
conveniently long life 


*S. Untermyer, Nocuizsontics 12, No. 5, 
35 (1954). 
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ow for many purposes. It has found 2—REFLECTION-TARGET SOURCE 


mited application in exciting fluores- 





cence X-ray spectra from the lighter Collimetor may y*-roys 


elements. A preeny » gap exists, be placed Paes ss ai 

therefore, In available energies. for scattered hiel 
betos Shielding ; | | | 

Borium 


‘ 


Fortunately there is a rather wide 





e of pure beta-ray emitters, rang- 
from the strontium-90-yttrium-90 
iin, emitting 0.6-Mev and 2.2-Mev 
vith an effective half-life of 20 
down to materials such as phos- OG? Tas %, 
rus-32 with a 1.7-Mev beta and a SAOOO° 0.005 in. window 





Normalized Intensity 





14-dav half-life or calcium-45 ‘ 

l4-d half-life or caleium-45 with a Copper-plated Mognesium 
0.25-Mev beta and 152-day half-life. foce of holder- — source holder 
: , ‘ soft solder 
In all, there are approximately ten beta after assembly 





—  \- 
tters useful for the production of approximately 











by the methods to be described. 





Mechanisms 
(Unfiltered 

; ; 

40.014 in. plastic filter 


[wo mechanisms are active in pro- 
lucing X-radiation when the betas ee es aS ee 

m such isotopes are allowed to inter- Leod target 

with target nuclei. The first in- T | ] 6.026 in 
simple acceleration of charge | 


0.0035 in| {0.042 in 


LS 


g the beta absorption process and Specivo tor 
vorious 4 


0,.084in. energies 


bremsstrahh "alist ; | ’ 
in brem trahlung radiation 1O007 in 
second radiation source is princi- 


w 


} 4 — a 
+0.010 in 


the result of ionization in the A 
| Target thickness) 


Normalized Intensity 
Normalized Intensity 


of target atoms with subsequent 0.295 in 


Nn 


ion of characteristic or A-radia- 
Characteristic radiation may be 
d directly in an interaction be- 

1 beta particle and a target } 


or indirectly when the target 74 kev T4kev 
Energy Energy 
































ym absorbs bremsstrahlung radiation 


rmed elsewhere in the target material. Reflection-target source, with Sr®-Y® betas, provides spectra at bottom left for 
For thin targets, the efficiency of various thicknesses of lead target and top right for barium target; spectra for various 
beta energies, bottom right, were obtained with lead target, plastic filters, and 


sstrahlung production is propor- 
Sr”-¥* source 


nal to the square of the atomic num- 
of the target material and to the 


3—MONOENERGETIC X-RAY SOURCE 


r energies of the order of the P** beta Essentially monoenergetic 
X-roys of ouxiliory target 
K-line energy 


power of the beta-ray energy. 


for a lead target, quantum effi- 
es of the order of 10% have been 


measured when only X-rays in excess 





50 kev are considered. The effec- 
eness of such a mechanism therefore “ete oe Lava al 
pares reasonably well with the KK, torget 

iing ratio in the decay schemes of : i 


rials such as thulium. The effi- 





of direct excitation of fluores- 
radiation by beta bombardment i . Auxiliory 
been studied in detail. It is terest 


ited by indirect excitation pre- 





mentioned This aspect of 
formance of the sources is under- 


irther measurement 


Source Design 


\ ous configurations can be used alti 


eta-ray excited X-ray sources. Source provides almost completely monoenergetic radiation with energy dependent 
\ g others, liquids can be mixed only upon auxiliary target material 
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with the beta emit 
powders can be 

that 
structed, or a 


manner net 
ean be surrounded 
material. st 
that lends itself 1 
energy of the X 
source emplo 
wherein the beta 
from a target 
analogy to an X 
A typ il X-ra 
(casing 
typical reflection 


are shown in Fig 


target 


with spectra obtained 
the betaemitter. \ 

nesses were used ti 
of conversion of bre 
tion to characteristi 
The curves a 


the same peak inte: 


case, 
were obtained wit! 
type differential-pul 
The measured energ 
the 


pectrul 
course smeared | finite re 
of the sodium-iodicde 
ter The 
would exhibit a 

73.8 kev in the ca 

the 
strahlung 


with beta-ray energ 


detector 


Since inten 


continu 


to secure monoenergeti 
low-energy betas sly 
Figure 2 displays th 
the 
various 


betas from 
thickness 
noteworthy that the 
intensity to the 
with decreasing beta 
the integrated inten 
decreasing energ 

of this series sho 

the brer 
due to the beta 


excited by 


and demonstrate 
source configuration 
To obtain a sources 
radiation, the wavelength of wl 
be varied over wide 
to 
illustrated in Vig. | 
get 80 posit ned tl 
the X 
typital 
shown in Fig. 3 


necessary 


pro wie 


barded by 


source \ 


Applications 
The 


available from 


wide 1 Lge 
the 


signs, combinat 


24 


in 


TYPICAL RADIOGRAPH using 10-me Ss 


Y”” source, lead target, and type K film; 


objects are aluminum step wedge (0.050- 
in. steps), resistor, and electronic tube 


ol eflective 


ol 


range 


number areas 


The sources may 


raphy of thin sections or light m iterial 


ippears feasible t 


For radiography it 


obtain carrier-free activity such that 


| curie of strontium can be incorporated 


For 


specific acti 


1.5-mm focal emitter 


half-life 


be corresponding! 


in a spot 


of shorter the 
ties would 


Fairly 
tivel 


Piaget 
definition and 


y 
good 


short 


compara 
exposure times 


possible with a full 


| stront 


source now under construction 
hould be 


In, Ol aluminun 


ographs of full density 
tainable through 44 
t-min exposure times and source 
film distances of about 1 ft using type 
K film 
laste! 


correspondingly. The 


Intensification screens and 


films would reduce exposure 
OUTCeS 
not sufficiently intense 


but it 


are ior med 


radiography ippears entire 


ible that compact image intensife 


po 


electroni v solid-state 


to 


either 
be 
making 


ty pe 


may used intage 
such 

rhe possibility o 

within the object to 

be he 


source in 


advantageou 
of the 


therap has not been examined 


nay 


utilit 


Kither the continuou 
& source emitting prin 
Spec 
Known properties may 


strahlung or a line 
ness gaging over a fa. 
thicknesses 
ad 


preterence 


There ip] 


tain intages In using 


in to beta 


° Patents have been ap; 
of this work 


hase 


the 


ippucations Dut this 
problem needs further 
exploration rhe continuous spectrum 


suited to density measure- 
in liquids, gas-liquid mixtures, 
High-speed density de- 


than ] o// 
itl 


to better 


erminations 


acy have been achieved w 


atic instrumentation. 


‘he line pectra obtainable 


ire admirably 
particularly for coat- 


ng control or for additive concentra- 
control 


The 
wviiation may be set at the critical 


tion 
! aly S18 

the eC 

the 


psorption ecdge ol 
render 


> to 


nterest and thus 
referential! SeNSitiy variations in 
element Tt a technique ip 
romising, lor exampl in silver- 


vhere anti- 
probe 


it 


sufficient 


radiation 


ymnitent of the emulsion as Is 


without 


the film 


leposited producing 

exposure tol 
With ei 
ources ol! 

fluorescence 

system 

ow inter 

X-1 i in Ines 

sated for b 

inced-hiter 

efiective 


sources 
may 

partial! 
Ross ba 


tain large aperture 


the required energ 


retain 


properties of the detector 


In most of the application 


tion of radios 


vith the excey] 


ources have employed n 


imount of beta emitter to 


the 


idequate counting rates 


scintillatior 


» to 100 effi 


nterest 


Value 
curle ol! 
estimate 
eflection 
educed 
tude, i. 
hgures app 
or emitters 
ratio of br 
radiatior 
irves previou 

Further deta 


techn que be 


eported at a it 
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_Anitiol dolly startup 


yo criticality 


/ 


TO power 


/ 





G---- 


“Check stability ond ease of power chonge 

















Scram by high power 


Stortup ofter 
short shutdown 


Scrom by 
short period 


Std . 
shutdown 











EIGHT STEPS are involved in the operating tests 


AEC Inspects Reactors for Safety 


To maintain safe reactor operation, all U. S. industrial and university reactors 


are being inspected by AEC. 


operating organization, procedures, and equipment. 


The inspection tests verify adequacy of the 


Recommendations based on 


tests made to date help reactor designers and operators plan safe operation 


For information on which this report is based, NUCLEONICS is grateful to Richard H. Gra- 
ham, Division of Reactor Development, U. S. Atomic Energy Commission, Washington, D. C. 


HouGH IT hasn’t been publicized, 


Atomic Energy Commission has 
in a standardized reactor safety in- 
This 


has been developed during the 


tion program program 


ear, may serve as the basis for 
future inspections. All uni- 
ty and industrial reactors will be 
ed under the arrangement that 
ives mostly AEC research 
which regulations under 
Act make mandatory for 
most off-AEC-site 
ire conducted in a 
with the 


tion of reac- 
that 


best 


way 


iaints operators 
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equipment and latest safety tec hniques 


It gives them the benefit of a perspec- 
tive 


wainst which they can judge and 


improve then proce dures 


The AEC and Safety 
The Commi 


gress with 


ion is charged by Con 
general responsibility for 
seeing that reactors, critical facilities 
exponential assemblies, and other such 
nuclear devices do 


health and safet 


not endanger the 
The 


new standardized inspections and the 


of the public. 
established general safety reviews by 
AEC’s Advisor 
ACRS help the Atomic En 


Committee on Reactor 


Safeguards 


ergy Commission fulfill this obligation 

Review. A preliminary design of a 
that is 
evolved from early-stage meetings of 
When design 
is complete, this committee again re 
details and 
If the Committee's 
AKC’s General Manager is favorable, 


reactor safely operable is 


the designer and ACRS 


views layout operating 


plans report to 


he usually directs the responsible 


division and its operations office to 


issue reactor fuel and a formal certifi- 
cate of permission to operate the reac- 
whatever and 


tor with restrictions 


modifications the ACRS recommends 


The same review procedure is followed 


25 








Keys to Safe Operation 


Asa a reaullt of in pection ¢ rpervence to date. qe neral recommendations can be 
There should be: 


made concerning reactor operatior 


1. A reactor operating group separate from any expervme ntal group Thi: 
full-time operating group should be concerned with the safety of the reactor 


rather than the completion of any pecifi experiment or progran 


a A formalized training prog 
High levela of academi 


graduate 8 on the operating consoles of routine reactors is a waste of man power 


lo assure operator familiarity with the 
plant, training are not necessar J; Use of colle ge 
The operator hould be a skilled technician who has been educated to the point 


where he is thoroug! ly familiar with the plant 


3. A well-defined operatir gq organization with clear cut levels of authority 
These should be thoroughly described so that there is no confusion in the oper- 
J 


ating group as to who has authority to modify any procedures or equipment 


4. A very complele written standard operating proce dure describi ng routine 
It should state who is a ithorized 


lo operate the reactor, to modify the reactor, and how to handle experiment 


methods of start ip, operation, and shutdown 
involving modifications to the reactor In many cases deviations from standard 
Ope rating practices are required, but it should be stated that if deviations from 
these carefully thought out and tested procedures are necessary, they must be 
reviewed with pecified staff member competent to judge safety Use of check 


lists is often recommended. 


5. An independent health physics organization making and posting frequent 
radiation survey developing ih things as health-physics procedures for 
hazardous and unusual operations, and adt ising the operating organization in 
formulating procedure Where organizationally possible, the health-physi« 
crew should have a se parate channel outside the operating organization to man 
ageme nt so that diffe rences of opinion can he settled on aconservative level Thi 
tan’t easy in a university group but it certainly should be a part of an industrial 


selup 


6. Adequate instrumentation consi ting of: (a) a source interlock ; (b) detector 
or neutron infor mation channel that sees the source before startup 8o initial 
phases of startup are not done blind; (c) an audible counting-rate meter for use 
during startup—the actual clicking of the register on a scaler is a very informa 
live prece of information to a man who is tr jing lo wat h one or more dials and 
do a number of things at once; (d) two power-level channels, and one period 
channel, all three set to scram the reactor at a rather conse rvative level; (e) since 
much can be gained from simpli: ity an the control instrumentation nothing 
should be included that isn't really necessary: and Jf) experimental data being 
derive d from the reactor should he collected at a position isolated from the control 


console so as not to cor sé the operator 


j 


7. Procedures for fre juently testing all safety devices by re sponse lo the reac 
tor’s lrinetics A/though wu is valuable to test a powe r-level-channel scram 
Sunetion by inserting an electric rgnal to simulate the given power level, this is 
avery poor substitute for raising the power level of the reactor to see that the over 
all system operate 0 ma / rods drop and make the reactor subcritical If 
the power level 80 hig that ope rating people are reluctant to take the 
reactor into that regi il et too high to begin with 1 weel 


advisable, 


8. There should he wa 


power level ind, although there are differing opinions on this, instead of 


yne power-level circuit operative at a given 
i / f 


standardizing on a favorite detector at a specific facility, it might be worth while 
fo use several different type he perfect neutron detector doesn’t exist 
While identical instrun 
might neglect some 


the operator unith the same data, they 





vhenever the operator wants to use the 
reactor in any manner not spelled out 
in the original certificate. 

Inspection. Shortly after the reac- 
tor begins to be operated routinely, 
ALC notifies the operating organization 
of a date set for a safety Inspection that 
is to be made to: (a) insure that the 
certificate’s provisions are adhered to 
b) see that operating procedures are 
ule quate, and advise the operators 
of improved techniques and equipment. 

Presently the inspections involve 
mostly on-site facilities and the few off- 
ite research reactors, but all future 
U. 8S. industrial or university reactors 
will undergo imilar examinations, 
Presently, the inspections are set up to 
be run once a year by personnel from 
AEC-Washington, but consideration is 
being given to having the nearest AEC 
operations office perform the task at 
intervening periods Production reac- 
tors, military reactors, and specialized 
veapons-test facilities are allied to de- 
lense requirements, and thus are in 


pected under a different arrangement 


The Inspection 

Kach Inspection has taken the in- 
pector about two weeks’ preparatory 
tudy of design and operating pro- 
cedures About half a day is spent 
discussing procedures policies, and 


organization with operating super- 


visors foughly four hours are de- 
voted to operating tests These con- 
sist of having the regular operating 
technicians perform certain functions. 

Although differences in design power 
level and operating flexibility require 
procedural variations for different reac- 
tors, a standardized program is fol- 
lowed. This program requires that the 
inspector a) review reactor construc- 
tion, operating procedures, uses, staff 
organization, and division of authority; 
b), have the staff perform reactor 


operating tests c) review operating 


log and standard operating prot edures; 
d) discuss with staff the comments 
ind recommendations planned e) 
ubmit report to Director ol Reactor 
Deve lopm«e nt 

Review construction, uses, staff. 
The reactor’s construction features are 
liscussed to insure that inspection per- 
onnel understand how the particular 
reactor works and to learn of any modi- 
heations since certification or previous 


inspection. The specific experimental 


program is reviewed to learn of any 


core-conhguration changes or insertions 
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or removals of materials that affect 
reactivity 

Staff organization and division of 
uuthority is considered to see who 
makes decisions to break routine oper- 
ating procedures and to make sure that 
the routine operators and experimenters 
have a clear picture of what they can 
do without asking senior people to ap- 

rove. The inspector wants to see how 
ind by whom new experiments or reac- 
tor alterations are proposed, reviewed, 
and decided from the standpoint of 
Most 


individual responsible for 


safety facilities have a com- 


mittee or 


aking these reviews and decisions. 
Perform operating fests. This is 


the key phase of the inspection, 
Startup on standard daily procedure is 
made to learn: (a) how thoroughly the 
checks the 
(b) how smoothly the startup 


operator reactor before 
startup; 
wtually goes; (c) if the operator has 
too many things to do at once; and (d) 
if startup is fairly straightforward 
operation. 

The reactor is operated at various 
power levels so as to get a feel for how 
the handle 


like a hot-rod, or does it sit on a given 


table reactor is—does it 


without much attention? Less 
desirable reactors require constant at- 
tention and control by an operator. 
Most reactors are very stable; after 
getting to a given power, there’s not 
much to do to keep them at that power 
except perhaps to compensate for 
temperature and xenon until they come 
into equilibrium 
Che inspector also wants to see how 
it is to change power and to learn 
iwkward range or detector changes 
» be made on many instruments 
during the change in power. A scram 
itdown due to excess power level is 
de to test actual operation of the 
probably the most 
Then a 


rtup 1s made according to standard 


vel trip 
portant safety instrument. 
cedure to see if the operator checks 


vthing according to the routine 
cklist before startup after a short- 
1 shutdown 
Chen the reactor is made to scram by 
short period to test the period trip. It 
is started again, shut down by standard 
procedures, and shut off in good order 

Additional steps are made to test as 
circuits 


man salety 


there 


as possible. If 
ire detectors for stack-gas radio- 
checked, All 


rod action, and 


uctivity, they are pri- 


safety features, 


crams for high temperature and low 
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ire tested It is better to 


check the scram devices under actual, 


coolant flow 


rather than simulated, operating condi- 
tions. Sometimes this can’t be done, 
but it should be where possible. 

If practical 
cient of reactivity is determined. AI- 


the temperature coeffi- 


though this measurement generally is 
difficult and sometimes impossible to 
make for critical assemblies, it is impor- 
tant to have it, whenever possible, be- 
cause of concern whether changing core 
configurations causes a positive tem- 
perature coefficient. If a reactor must 
have a positive rather than a negative 
coefficient, additional safety devices 
usually are needed 
Review procedures. 
log and standard operating procedures 
are discussed with the staff toemphasize 
the 
cedures preferably in check-list form. 
Discuss recommendations with staff. 
The chronological report on operating 


The operating 


importance of formalizing pro- 


procedure and comments are discussed 





Reactors Inspected 
J ure 


bee n 


1954, 17 reactors 

AEC 

identified the following nine 

® Raleigh Research Reactor, North 
Carolina State Ra- 
le ugh Af 

@S!PO, Los 
Laboratory, 
V.M 

© Water 
North 
Corp 


Since 


have inspected has 


Coliege, 
Alamos National 
Los 


Alamos, 


Boiler Neutron Source, 

Aviation 

Downey, Calif. 

© Livermore Research Reactor, 
University of California Ra- 
diation Lab., Livermore, Calif, 

© Experimental Breeder Reactor, 


Lab., 


lmerican 


Argonne National 
Idaho Falls, Idaho. 

@ Materials Testing Reactor, 
Phillips Petroleum Co., Idaho 
Falls, Idaho 

© Submarine Thermal Reactor 

Westinghouse 


Idaho 


Protot spe, 
tlomic Power Di 
Falls, Idaho 
© Brookhaven 
haven National 
Upton, NV. } 
e@CP-5 Reactor, Va- 
tional Laboratory, Lemont, Til. 
Oak Ridge Graphite Reactor and 
Bulk Shielding Reactor, both at 
Oak Ridge 


will be inspected soon. 


Brook - 
Laboratory, 


Reac lor, 


Argonne 


Vational Laboratory, 





operating staff 
factual. 
considered to 


informally with the 
to make the 
Recommendations are 


sure report is 


they appear reasonable to 
The 


makes useful suggestions during such 


see that 
all concerned staff generally 
discussions. 

Submit report. The 
mitted to AEC’s Director of Reactor 
Development for 


report sub- 


appropriate trans- 
mittal contains descriptions of: (a) the 
general 
the 
operating tests and any variation from 


operating organization, (b) 


local operating procedures, (c) 
expected performance, and (d) com- 
ments of the staff and their answers 
to questions Recommendations are 
made concerning procedures that should 
be brought to the operator's attention 
Comments are made on observed pro- 
cedures and equipment that appropri- 
ately could be suggested for use at other 
sites, 
Often a 
that appears to be good has been in 
stalled. 


operating groups 


new instrument or circuit 


This is pointed out to other 


As an example, on 


| 


some reactors the period circuit is 


arranged so that when the period starts 
to become too short the control rod 
starts in, not 
But 


if the period becomes still shorter the 


reverses direction and 


actually scramming the reactor 
rods are caused to scram the reactor 
In other cases, a short period or other 
potentially hazardous condition causes 
an alarm signal to be given before it 
reaches the stage where a scram is 
necessary. 

If the report pertains to a research 
ARC's 
The manager of the Com 
office that 


jurisdiction over the reactor sometimes 


reactor, it is sent to tesearch 
Division 
mission's operations has 
will discuss the report v ith the reactor 
manager, who reports what he is going 
to do about the recommendations 
The 


his activities 


limited 
health 
operating 


reactor inspector has 


with regard to 
physics to seeing that an 
health physics organization does exist 
staff AEC's 
Medicine is 
this 


reacto 


to protect the 
Division of Biology and 
responsible for administering 
phase of the organization 
Since the Commission is obligated to 
inspect off-site facilities for security and 
safety, 


accountability as well as for 


inspection teams might be formed in 
all these factors 
as little 


as possible with normal functions of the 


the future to inspect 
at one time, thus interfering 


facility —END 
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FIG. 1. Grazing-incidence-type target is used for cyclotron 
bombardment when target material can be applied as surface 
coating. Coating shown is 15-mil electroplated nickel. Cooling 
water flows through target at 30 gal/min (20 ft/sec). Power 
dissipation of 66 kw has been obtained. Target size is 6 X 10 
in. Target base is silver-plated 2S aluminum 


FIG. 2. Capsule-type target is used when material cannot be 
surface applied. Partially withdrawn tubular capsule, 200-mil 
outside diameter, is surrounded by jacket. Both are made of 
10-mil seamless aluminum tubing. Cooling water at 140 psi 
flows in 15-mil annulus between capsule and jacket. Tubing 
walls and water layer reduce proton energy to about 15 Mev. 
Target currents of 200 microamp are routinely used 


Radioisotope Production Rates 
in a 22-Mev Cyclotron 


For both reactor-made and high-yield cyclotron-made radioisotopes, irradiation 


costs are small compared to decay losses and processing costs. 


Thus, the cyclotron 


can complement the reactor by making additional isotopes available at 


reasonable costs. 


Here are actual yields for 14 radioisotopes and 


estimates for 136 others, made in the ORNL 86-inch cyclotron 


By JOHN A. MARTIN, ROBERT S. LIVINGSTON, RAYMOND L. MURRAY, and MOZELLE RANKIN 


Oak Ridge National Laboratory,* Oak Ridae, Tennessee 


A WIDESPREAD BELIEF EX! 
that isotopes produced in accelerator 


are hopeless! expen e when com costes assigned to deca\ 


pared with tho e available from reac 
tors. This is not true When vields 
for isotopes produced in the &86-in 


cyclotron are reviewed, as in this cyclotrons 


article, it wm found that ina large num energy accelerators in the early 1930's 


ber of cases irradiation cost for cyclo had provided, for 


tron-produced isotopes is, as is the cas 
a oe radioisotopes, 

*Operated by Carbi 
Chemicals Co. for the | sm At 
Commission 


rather small when compared with the 


processing and shipping 
Through the period 1930-1945, most tons 
radioisotopes usec were produced 


Development of hig! 


the first time, ¢ 1 new means 
means tor producing a wide variety ol 
Radioactivity was used 
on an expanding scale in fundamental! P*?, Ca, and Co* 


investigations In many 


it present with most reactor-produced isotope f science, including physics, biology, 


medicine, agriculture, and engineering 
losses and te Nearly all elements then known were 
ubjected to bombardment with pro- 
deuterons, and alpha particles, 
ind hundreds of new radioactive species 
vere cataloged 
With the advent of nuclear reactors, 
producing radio- 
isotopes became predominant. Many 
widely used radioisotopes, such as C', 
could then be pro- 


duced more economically in reactors. 
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classical field 





opment of “hot” facilities made 


Me f 


sible the isolation of fission-product 
These 


elopments gave additional impetus 


topes, such as Ce!’ and I'". 


research with radioactive tracers. 
topes produced by neutron capture 
from fission could be generated in 
ger quantities than those ob- 

Thus, with 


iccessful development of reactor- 


MAT 


d from accelerators. 


luced and fission-produced isotopes, 

use of accelerators for radioisotope 

iction was largely neglected 

1949 
field 


' 
imental 


Until most emphasis in the 


had 


studies of 


itron been placed on 
very-high- 
reactions, rather than on large- 
radioisotope production. In 
jlans were developed at ORNL 
gh-current high-energy proton 
1 that could produce isotopes 
iantities previously considered im- 
1950, the 


it in operation at proton currents 


ible In machine 


entually reached several milli- 
Target assemblies that pro- 
de for irradiation of target elements 


it 10-50 kw were designed and operated. 


Cyclotron-Made Isotopes 
radioisotopes, the 


complements rathe1 


x producing 
tron largely 
competes with the nuclear reactor. 
acer and therapeutic work isotope 

teristics are of 

Thei 


rties, and 


greatest impor- 


chemical and radiation 
their specific activity 


mine, to a large extent, the success 
riven project 
otron-produced isotopes usually 
the neutron-deficient side of the 
r stability line; they decay princi- 
electron capture and positron 
although some undergo beta 
i few may decay either way. 
nuclei formed by neutron 
or as fission products usually 
neutron excess and decay by 
itron emission. 
otron-produced radioisotopes 
in general, high specific activity. 
are ordinarily of a different chemi- 
ement than the target and hence 
specific 


(All 


atoms of the 


be separated with high 


ty, frequently carrier-free 
of the element are 
Reactor-produced 


sotope 


isotopes are usually made as a 


rather large 


xture containing 
nts of the stable isotopes of the 
e element Iixceptions to this are 


ter activities fission products, 


1.a)- and (n Pp -produced isotopes 
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Before results of preliminary produc- 
tion tests for 14 radioisotopes and esti- 
mates of production rate for 136 others 
are given, the cyclotron construction 


will be explained. 


The 86-inch Cyclotron 


The ORNL &6-in. cyclotron is novel 
in that it is a “ vertical’’ cyclotron, the 
dees hanging suspended from above (/). 
con- 


In other rather 


ventional fixed-frequency machine, ex- 


respects it 18 a 


cept that many of its components are 
capacity than 
Three 20-in. oil diffusion 


of greater has been 
customary 

pumps provide high pumping speed, 
moving 15,000 liters/sec at the oper- 


A self- 


excited oscillator, yielding in excess of 


ating pressure of 0.03 micron, 





TABLE 1--Yields for Cyclotron-Pro- 
duced Isotopes 


T'ar- 


get 


used 


6 > 


Production 
rales 
Prod 10 in 
uct P’ro 
Half 


lope life on 


qraz- (me 


duced ing ma- (mm 


180- 


tupe) hr hr) 


Be § 170 120 
Fis ak* 1,500 


60d 


310d 
310d 
2 Oy 
SO 


270d 


Cu 0.3 
Zn 600 


9.3% 


1209 


17. 5d 
LO5d 


aos 2. O3Y 9 


if ipsule-tyy] t get is used 


Isotope produced is not carrier-free 


These d re based on a single run 


s believed that eld can be materially 


ywroved wit rther operating experience 


Target 6 in Production 


rate of 600 millicur hr could be expected 


with the larger t 


§ See Table 2 | tnote on half-life 





200 kw r-f power, provides very high 
dee 100-500 kv dee 
The cyclotron operates at 9,000 oersteds 
and at 13.4 Me/sec. It has 8-in 
t-in. dee-to-dee and dee-to- 
ground spacing 
ates stably at 1-1 
Target removal. 
lem with this type cyclotron is remoy 


voltage to-dee, 
wide 
dees and 
The ( velotron oper- 
5 ma current 


An unusual prob- 


ing intensely radioactive targets from 
the this 


safely, a 


vacuum chamber To d ) 


mechanical manipulator is 
operated from behind a 4-ft concrete 
shield pierced with a liquid-filled view 
ing The target 


assembly is permanently attached to a 


window. mounting 


hydraulic cylinders 


the 


carriage that has 
The 
against 


lock A 
the target to the proper ©) 


cylinders position assembly 


vacuum seal of target vacuum 


screw mechani m acy Lhnces 


clotron post 
withdraws it at bombard 


tion and 


ment’s end. Controls for this carriage 
are mounted behind the shield wall, as 
are all other controls for remote target 
manipulation, The target is removed 
from the 
fixed to the lid of a le 


Transfer box then is placed in a heavily 


carriage fh a& mechanism 


id transfer box 
shielded enclosure until target removal 


for shipment or sale 


proces lng Is 
Targets containing hundreds cf curies 
of high-energy gamma activity can be 
from machine to 


safely removed 


shielded enclosure, but shipment size 
is temporarily limited to much smaller 
quantities that can safely be transferred 
by hand tongs to a shipping container 

Target construction. 
l-ma proton current requires that 22 
kw be dissipated by 


Surface temperatures must be 


Operating at 


the water-cooled 
target. 
held below target-material melting o1 
aporization point. The grazing inci 
dence principle is used to reduce heat 
flux to a manageable level 

The 


46 1n., 


beam, whose radial width is 
is spread along a target placed 
at a small angle to the beam path 
Both 10-in. 14-in 


been used successfully 


and targets have 
Figure | shows 
a typical target 

The 
coated on the surface in 0.010-0.020 in 
thickness, 


ways 


element to be bombarded is 


Coating is done in several 
by casting in a shallow recess in 
target surface and then machining to 
thickness; b 


by brazing a foil to target 


uniform electroplating 
urface; and 


In Table l 


successfully 


by using a metallizing gun 
on this page, target metal 
used are listed 


not amenable to 


29 


Some elements are 





these techniques; others, even though 
they may be applied, may not allow 
heat-transfer rates high enough to dissi- 
pate the large beam power, even with 
the large grazing-incidence type targets 
used. Maximum heat flux on the most 
irea of the target 
10° BTU /hy 
the haloge ns 


heavily bombarded 
is estimated a 
Nonmetals, sucl 


must be bombarded as chemical com 
pounds. General! 1 thin-walled 
water-cooled capsule like that shown 
in Fig. 2 is used. Thi 
may be necessary for metals with very 


uch as potassium 


low melting point 


and rubidium. Other elements not 
readily available in metallic form are 
bombarded as chemical compounds in 
this capsule target In general, some 
what lower bombardment efficiency 
results, Operation at current le 
than 1 ma is necessary because of heat 
dissipation problen 

When production ol a carrier-iret 
isotope is desired, a further requirement 
must be met. The target initial 
must be free of the element being pro 
While it is not difficult to get 


the common elements with idequate 


duced, 
purity, purity can become a serious 
problem for some elements such as the 
rare earths. 

If there is sufficient demand for a 
certain isotope, development work can 
be undertaken to provide an efficient 
high-current target When only milli 
curie quantities of a particular isotope 
are desired, development of a high 
current target is usually not wat 
ranted. For these small quantities 
initial production rate may, therefore, 
be substantially lower than that given 
in the accompanying tables Table | 
shows actual production rates for 14 
radioisotopes, and Table 2 gives esti 
muted yields for 136 others 


Actual Production Rates 

Some 20 elements have been bom 
barded in the 86-in. cyclotron during 
the past two years. Millicurie to curie 
quantities of radioisotopes were pro 
duced. Serious efforts were made to 
obtain the highest production rates 
possible in view of individual target- 
fabrication problems 
target was used in some instances be- 


But the « apsule 


cause developing a coating method for 
the large target would have required 
much additional work 

Fourteen isotopes were selected for 
the initial investigation because of 
their suitability for medical, biological 


30 


ter hnique al 0 


or industrial uses. Bombardment re- 
sults, giving preliminary data, are 
summarized in Table 1, page 29 
Actual production rates, in millicuries 
per hour, are given in the table’s last 
column. They are dependent on iso- 
topic abundance in the target, proton 
current, the cross sections of the nucle 

reactions involved, and the product 
isotope’s half-life. The target element 
was used in its naturally occurring 
isotopic composition. Proton current 
used on each target element depended 


largely upon type and size of 


used In most cases the results are 


based on several development run 


Estimated Product Yields 
Radioisotopes listed in Table 1 ar 
only a few of many that can be pro 
duced with high yield in the 86-in 
cyclotron. Yield estimates for man‘ 
isotopes that have not yet been pro 
duced in this cyclotron are given 
Table 2 (right) No distinction was 
made as to isotope “class.”’ Milli 
curie-per-hour yields are not given fot 
isotopes having isomeric states wit) 
unknown branching ratios because cro 
sections for formation of the two 
states are generally unknown and are 


not amenable to calculation 


Scope of Calculations 

Over 250 stable isotopes are available 
for proton bombardment and man 
reaction types, é.g., (p,n), (p,2n), (p,2p 
(p,d), (p,y), and (p,q) are possible 
Consequently, to reduce the scope of 
the present calculations, yields were 
calculated for only the (p,n) and (p,2n 
reactions on target isotopes of at least 
10% natural abundance that would 
yield radioactive products with half- 
lives greater than 100 min 

Proton energy. 
of the cyclotron is 26 Mev. As a 


Maximum energy 


nominal bombarding value, 22 Me 
was chosen for yield estimates. 
Reactions. Yield estimates were 
made for the (p,n) and (p,2n) reactions. 
Although (p,pn) yields are high for 
medium- and light-weight elements 
the reaction does not yield a carrier- 
free product and, further, the same 
product can usually be produced by 
the (p,n) reaction. The (p,a) and 
(p,2p) reaction cross sections are small 
except in light- and medium-weight 
elements, and (p,7) cross sections are 
small in all elements. The (p,q) and 
(p,2p) reactions are excluded because 
there is considerable doubt as to the 





TABLE 2— Estimated Yields for 


Vatu 


nal Yield /ma-h 


abun 


dance 


92.5 
24.6 
100.0 
73.4 


OY 


10 


11,000 
20 
18,000 
11.0 
6.4500 


590 


¢ 


1,100 


20.000 


63.3 


16,000 


5.100 
2,300 
7.4004 


0.76 


l 


l 


0.32 3,700 
0.77 8,900 
1.1% 13,0004 
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Cyclotron-Produced Carrier-Free 


Natu- " 
ral Yield ma-hr 
Target abun- 
180- dance (Jo' 


to pe ) atoms (1 


aRu 


wRu 


9,100 


e ® 
0.«# 


27,000 


2.600 


18 
40 
62 


2,800 


$00 
400% 


26 


56,000 
500 


3,600 
35,000 


1.4 


‘ 


Sms 


Radioisotopes 


Product 
180 Ha j 


tope* lifet 


Gd 150d 
ead! 236d 
4 Th! 17 2h 
eTb'** 190d 


esTb!*** 190d 


oTb'** 5.0h 


aTb'*** 5 Oh 


oo Tb! 7d 
es Tb'*** 4.7d 
wTb'® 73d 
134d 


eDy'** 


erHo'* 41. 6h 


esHo'™* 4. 6h 


eHo!® 65d 
ev Ho! *?* 65d 


evHo'® §.2d 
esrHo'™* 5. 2d 
esker'* 1Oh 


oo Tm! ** 7 
69 Pm !**7 


oTm'* 9.6d 
ool m?* *9 6d 


* 5d 


120d 


oTm 
oo T'm 
70Y¥b'™ 50s 

7oY¥b'* 32d} 


nLu!?°* 1.7d 
Lu!" 8. 5d 

mLul™! ~1 

nla ~]) 


iLu"? 
:Lu! 
7 Lu'!?2* 


nLu' 
mLu!?** 


nLu'™* 165d 
nLu'’* 3.7h 
ooHf'"* 70d 
vaTa'’ S Oh 
mTa'"? 2.2d 
vTa'™?* 2.2d 
muTa'™®? 9.3m 
mTa'™® 2.th 
vTa'™** 2 


mTa'’® ~2y 
mTa‘** ~2y 


mula" 0). 33s 
muTa®® 8 .lht 


Witt 140d 
mRe*? 14h 


mRe*** 14h 


Re'** 64h 


Vatu- 


ral 
abun- 


dance 


Yield 


jor 


aloma 


26 


62 


KH 


ma-h 


u 
6 


) 
; 


2.3 

12 

144 
2.900 
8,400 
11,000° 
99 
590 
6904 
5.9 


21 


2 S00 
14,000 
17,0004 
11 

42 

534 
140 
590 
7204 


6,800 


2,700 
7,500 
10,0004 
634 

300 
3604 
8.4 
3.0 


5,400 
190 
1,200 
1,4009 


960 


2,300 
+,300°¢ 


1 ma-hr 
Product Target abun 


180 Half 140 


tope* lifet to pe 


dance 


atoma 


Re!" 120d 
Re!*4* 


Re'** 50d 
Re'** 2.2d 
Re'** Olh 


rel(Jat* 05d 


nir'* 12h sOn"* ; 2.400 
Ir’ 41h eOgt®* 150 
rT) | doe 4ih eal? 7 sO) 
1.0004 
vir'* >» 100d Oat” 
rir! > 100d Oe!” 


Ir'* th 
Ir’ 12d 
Ir 1.4m 
75d 
+. Od 
4. 3d ? f f 27 


15h it!’ y 1,000 
Suh . ; Z 170 
ih ‘ 4 1,800 
2 2004 
180d sPt'? ri 2 3.5 
180d ‘ pe 2 12 
16* 
reAu'** 14h 
sAu'** 5. 6d 


wHg'*™ 25h 
slg’ 65h eAu 100 


aiTl 1. 8h 
TL 


slig'* 10 2,300 
sollg'** 16 10,000 
21,000° 
solig'®® 16 090 
solig** 23 6,600 
7,000 
iT’ ; sollg 24 $50 
ai T1200* solig?®! 070 
1,3009 
atl 7 sollg 13.3 75 
a To sollg 2 x20 
y woe 
ri2e? . ‘ 2 3 42 


si Tie 


aPb™* ‘ y f 22 220) 


2) Bi2ee* 0 150 
a Bit D 64 
92 Bio 4 o7 7 260 
320° 
oe Bie’ ‘ ’ { 0.018 
os Bit’’* 5Oy ‘ £ 0.22 
0.24° 
Pot 2. Dy abit’ 100 ; 7.2 
ssPo? ~100y abi’ 100 7 O41 
reaction 


* Isotope is produced by (pn 


unless noted by asterisk, in which can 
production reaction is (p,2n 

t Half-lives and abundances are taken 
from the “Chart of the Nuclides,"’ General 
Electric Co., November 1952 Radiation 
energies for each isotope can be found on 
this chart 

t This is the half life used for calculating 
curie yields 

€ This is total yield of 


produc tion reactions listed 


isotope from all 


§ This is an experimentally determined 


yield 
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validity of the calculated cross se: 5. cause of the difficulty of obtaining reaction cross sections and on many 


and not enough data is yet avail appreciable yields from a gaseous in idditional calculations. A number of 


to provide reliable generalizations ternal target. approximations were made to simplify 
Natural abundance of isotope. Product half-life. If an isotope the computations, (as explained in the 
an element of mixed isot pie ny . to be used effectively at a location section “ Estimating Cyclotron Yields,”’ 
tion is bombarded to activate or s other than the production site, it is not low) but it is believed that the 
} 
low-abundance isotopes, masking acti practical to use an isotope for whic estimated yields are reasonable 
ities are induced in the remaining com transportation time is more than a fe 
ponents. Separated table isotope half-lives Even for studies performed The ORNI ‘ . is operated by 
he Electronuele feseart stor The 
may be used to reduce undesired iso locally, the time for removing the target sdictestope production teresde ere processed 


tope intensity, with the restriction tha from the machine, separating the active y the Radioisotope Department and the 
separation cost add ignificantl naterial, and transporting it precludes sotopes are distributed through the Nadio- 
ps solope Sales Departme nt; both are de part- 


total cost and is unfortunately higher excessively short half-live Table 2 i ments of the ORNL Operations Déivisior 
for the less abundant i otope limited to those is itope with >100 

. ; BIBLIOGRAPHY 
rather arbitrary figure of 10% wa min half-life . par oe ture 170, 221 
taken as the lowest practicable cor t oneal The 
centration for target isotope r} Calculation Method vm , adi — 
noble LAKES, Ne A, Ki Xe, and Rn Yield estimates are based on the fe 


were excluded ron onsideration he ivailable experiment il determines 








nuclear reaction yield (the numbe,’ oj or temperature model of the nucleus 
nuclei of product i oto pe per tm rent >) and plotte dasa function of ¢ nergy 
proton) 18 gwen by the relations/ ip Vo distinction is made between 

R nuclei on the basis of summetr j 

| j 
Vo di 

0 4. Lifferential proton ranges in 

J / / 


elements of atomic number 20) i) 


ent Protons 


—~ 


where Ne ia total target cro section 


were computed by inte rpolation 
per unit path r 1s distance in proton 


incia 
inc 


on a graph of range vs energy for 
the knowns, Al 1. Cu lq and Pb. 


2 Vume rical inte gration of the 


direction of pe netration. and R is 


effective range 1 suitable expression 
for qe neration rate in curies was de f 
rived by straig/ tforu ard method hae ld si lation un the Jorm 
This summarizes calculation method ¥ 

g CZ 0 (LE)ARE 


1. Graphs are prepared showing 


a(C’), the cross section Jor compound yielded generation rates for elements 


nucleus formation by proton bombard as a function of proton energy and 





— — rr _ 4 ment, as a function of proton energy atomic number Here a(FE) is reac- 
, ‘)} 7 


Atom For this Pur pose tab ilar data ,) are fion cross section at k take nm iftrom the 








plotted for atomic numbers 20-90 in graph in 3 above, AR(E) is acl ange in 





‘ , 8 : f inits i uclear ‘ wer é rai val / J 
FIG. 3. Estimated thick-target yields for leps of ten nul The nu range over the energy interval about E, 


22-Mev protons 


radius r 1.4 10 cm 1 used and C 1s a function of isotopic mass 
Extrapolations b / ti a sym plotu and proton beam current 


formula for large PULUES of proton é. The yields for (pn and p 2n 


Estimating Cyclotron Yields 
energy are made as needed reactions are adjusted to account for 
Predictions of thick-target yields 2. The thresholds of the (p,n) rea large (p,pn) competition that occurs 
for a large number of elements } tions are taken as the effective inter in the low-mass number range by 
exposed to 22-Mev protons are cepts of the a(C) graphs on the energy ising experimental data for cross sec- 
sired. Because cro ection data in axis. The energy difference betwee tions of several isotopes Fig. 8 shows 
this energy range are meager, it i thresholds E, and EF» for the (p,n) and variation of thick-target yields with 
necessary to resort to theoretical esti (p,2n) reactions computed as a atomic number. For high Z, the 
mates of cross sections The state of function of atom number, Z ho pn jield is small 
theory of charged particle nuclear re values on the line of greatest rsotopu 7. Production rates for specif 
actions is, however not completely stability Za The Me tropoli jor? isolo pe s are calculated using data ob- 
quantitative in this en rqy region of the W eizaacker-F‘¢ rm semi-empiri tained in ste Dp 5 The usua growth 
The calculation method of the con cal mass formula, quoted by Stern (4 formula of radioactivity calculations 
tinuum theory described by Blatt and 18 used for these calculations i8 applied to obtain wields On the 
Weisskopf (2) ws adopted, despite 3. Cross section o pn) 18 taken a assumption that a target would seldom 
reservations astoilsaccuracy. Tabu equal to a(C) for the region betwee be bombarded for such a length of 
lar data on proton ranges for various the thresholds | , and k Values of time that saturation was approached 
energies (3) are adapted for con a(p,n) and a(p,2n) for ene rgies above the linear approximation of the 


venient numerical integration The Ee are computed from the statistica growth relation is used 
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Mapping Radiation Fields With 
Silver-Activated Phosphate Glass 





FIG. 1. WNRL's Co” source con- 
sists of ten stainless-steel cans like 
the one above. Each contains 50 
Co’ pellets arranged in five 5-in.- 
high columns of ten pellets each 


Cell for measuring field 


FIG. 2. Source plate on which cans (Fig. 
allows many arrangements. Water-tight 
is used to determine radiation pattern within source ring 


Vol. 13, No. 3 - March, 1955 


Here's a procedure for correcting silver-activated 


glass dosimeters for fading. 


Application to mapping 


dose distribution of 2.5-kilocurie Co” source gives 


a result that agrees well with computation 


By HERBERT RABIN and WILLIAM E. PRICE 


UU’. S. Naval Research Laboratory, Washington, D. C. 


PoInT BY POINT knowledge of radia- 
tion fields is often desirable This in 
formation is required when it is neces- 
sary to speci the extremes in dose 
delivered Jecause of insufficient 
knowledge of field distributions, full 
advantage of the output of radioactive 
sources is often not taken. This is 
particularly true with respect to the 
high-rate regions close to the source 
where the gradient of the field is large 

Absorption changes of silver-acti 


vated phosphate glass (/) were used 


to map the gamma-ray field of NRL’s 
2.5-kilocurie Co® source. This system 
of dosimetry is simple and reliable 
The glass is available insmall specimens 
and can be mounted on any surface 
with adhesive tape; thus dose can be 
measured at relatively inaccessible 
field points The optical absorption 
changes in the glass are easily measured 
with any one of a number of commer- 
clally available spectrophotometers 
Because of the increased energy 


sensitivity of silver-activated glass be- 


1) are mounted FIG. 3. Cell for irradiations outside ring of sources has 25-in. 


stainless-steel cell o.d. During exposures inner cell (Fig. 2) was in position to 
provide air path through source-ring interior 
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z, the radiation-induced change in hence no specific dependence of wu on 
linear absorption coefficient, yu, wa the time of measurement is indicated 
computed from wp = 2.30D/z The measured values of u were ad- 

Actually udependson 7, the duration justed for fading in accordance with 


of the exposure, since fading of color- the procedure described on p. 35. 


ation occurs during irradiation and 


different length exposures provide dif- Dose Pattern 


pl) ot S000diem™) 


ferent time intervals during which the Measured and computed values of 


glass fades. Since all optical-densit dose rate are given in Figs. 5 and 6 for 





a See 

. r ——~-— readings were \4 hr after irradiatior points lying in a diametral plane passing 
5x10 : 10 ; ¥ 
Dose (rep) the same fading interval after irradia through two radially opposite sources. 











FIG. 4. Collbration curve for diver-oct tion is common to all exposures id Measured values represent averages of 


vated phosphate glass 





low 200 key ] it is not generally 
advisable to use this glass in gamma =—< Computed (line-source opproximation) 
and X-ray fields having spectral com © Meosured,using silver-octivated gloss 
ponents below 200 kev that change 
with position Such a situation arises 


oO 
@ 


in performing cle pth dose measure 
ments (particularly when a low-energy 


oO 
a 


radiation sources employed No 


difficulty, however, is involved in map 


sourc 


2) 
> 


of source ring 
e 


ping fields with a fixed proportion of 


Relative Dose Rate 


low-energy radiation The radio 


Axis of Source Ring 


An vas 
vc 


photoluminescent response of this glass 








has been used advantageously in de pth 





dose determinations within limits (2 0 2 3 ; 8 
Horizontal Distance From Central Axis, a (im) 








Source and Exposures 
The NRL cobalt-60 source ; rated FIG. 5. 





Relative dose rates along a horizontal line parallel to and 2%¢ in. 
nominally at 2,450 curies in July 1953 a plane passing through bottom of Co"’-pellet columns 

is composed of cans like that in Fig. 1 
mounted on a source plate at the base 
of a 12-ft-deep water tank 


Glass exposures were performed with 





the ten cobalt source cans arranged 
uniformly on a 34{-in.-diameter circle 
as shown in Fig. 2. Dose rates at field 
positions interior and exterior to this 
source ring were measured using wate! 
tight stainless-steel cells, Figs. 2 and 3 
Since cell walls nearest the source cans 
are extremely thin (0.018 in.) and the —= Computed (line-source opproximotion) 
path lengths in water prior to entering O Meosured, using silver-activoted gloss 
these cells are a small fraction of an 


oO 
w 


inch, the radiation was predominately 
primary radiation with a relatively 
small degraded component 

Glass plates used for field mapping 


Reiotive Dose Rote 
Oo 
& 





o 
uw 
i. 


were 3g in, square and 0,120-0.130 in 
thick. These plates were taped to 
Plexiglas holders in various positions 


60~ 


within the irradiation cells. Exposures 
ran from 30 min to over 4 hr, depending 





on intensity at the point of exposure 


Optical densities at 5,000 A were meas 
ured with a Beckman DU spectro ; 


op of cobolit- 








photometer 44 hr after exposure. Pre- Vertical Distonce. b (in.) 
irradiation densities were subtracted 








from these measurements From the 





known change in optical density, D FIG. 6, Relative dose rates along (a) central axis of source ring (b) a parallel 
and the thickness of the glass specimen line outside source ring, 4%% 9 in. off axis (c) a similar line 7 in. off axis 
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several exposures at each point. Com- 
puted values correspond to uniform 
radiating line sources at positions of 
the evlinder axes, no self-absorption 
To compute the relative dose rate 
consider the line source of Fig. 7. At 


a field point (a,b) relative dose rate is 


iY dy 
R k [ 7 
JO a® + (b - y)* 


h 


a 


h 


b 
[ tan . + tan”! 
a 


a 


where k is a constant depending on the 
choice of reference point. 

Since in our case ten 5-in.-high 
sources are employed, the dose rate 
relative to common reference point 


along the central axis is 


~? 
tan! 


as, 


representing addition of contributions 
from each of the ten sources. 

Che reference point was chosen on 
the central axis of the 17¢-in.-radius 
ircle of sources, 2%¢ in. above the plane 
defined by the bases of the cobalt por- 
tions of the sources. Therefore in this 
case A 0.1012 in. 

Unity relative dose rate in Figs. 5 
and 6 corresponds to an absolute rate 
of 5.00 * 10° rep/hr. This is within 
12% of the 5.59 & 10° rep/hr obtained 
with a Viectoreen 603 high-rate probe 

* « * 
ra wish to acknowledge the cooper 
WW Vanagan of the Victoreen 
Company for providing an early 


their high-rate ion-chamber for use 


the NRL source Thanks are extended 
L. Dexte for discussion on the correc 


ipplied for fading during exposure 
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FIG. 7, Geometry for determining dose- 
rate distribution from a line source 
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Correcting for Fading During Exposure 


Time of 
: meosurement u(T) 


‘ 


~ Exposure time, T - 























| 
| 
= - 


FIG. 8. Diagram illustrating calculation of fading 


+? 


; 


Calibration data, based on ceric-sulfate dosimetry (4), are given in Fig. 4 for 
Co®-irradiated glass. The optical density measurements were made ‘4 hr 
after the end of short exposures averaging 7 min. Since field-mapping expo- 
sures ran to over four hours, it was necessary to apply corrections for fading 
during exposure so that the calibration curve could be used. That is, we must 
correct 4(T), the optical absorption change measured ‘44 hr after an exposure 
lasting T hr, back to y(0), the absorption-coe ficient change that would have been 
observed had the same dose been administered in zero time 

During the exposure of T hours, consider an arbitrary time increment At, at 
time t; (see Fig. 8). If the change in absorption coefficient produced during 
At; as measured at time ti + 44 ts denoted by Ay,(0), it follows that p(O) w 
the sum of such Apu(0) taken over all of ; 

Let Ap(T) be the contribution to u(T) from the dose delivered during At. 
The difference between Ap(T) and Ap,(0) arises from the fading occurring 
during T — t as indicated in Fig. 8. Defining {(T — t) as the fractional 
decrease in Ay(0) during T t;, (f is normalized to unity at ‘I t 0) 


Ay(T) {(T t Ap (0) (1) 


When CX POsures fall on the linear portion of the calibration curve (14 before 
saturation occurs) it can be assumed that coloration qoes linearly with « rposure, 
Equation 1 therefore becomes 
u(Q) 


Ayu (T) 


{(T — t)At, (2) 

Since exposures in this study were limited to leas than 4 10° rep, hq. 2isa 
good approximation because coloration is linear with dose over moat of this 
range In computing corrections for fading during exposures in which 
saturation doses are applied, it is necessary to take into account the detailed 


saturation of u(O) with dose 


, a somewhat more complicated problem 


Inte grating hoth side 8, kq ? lakes the for m 
uO) (T 
i tat ‘ 
u(T) T Jo I yd (4) 


It has been found that the fading at 5.000 A jor short ¢ rposures can he qwen 


within a few per cent by 
f(r) 0.955(r 4+ 44)7%°*, 0 « 100 hy 


where r is the time (in hrs) measured from ‘6 hr after the end of an exposure and 
f(r) 18 the fractional decline in the change in absorption coefficient normalized 
lo unity alt 0. Assuming that fading during an exposure is like that fol- 


lowing an exposure, one can write the expression for {(T t) in Eq. 3 aa 
{(T — t) = 0.955(T — t + 14)-°-°@ 


Substituting this expression in Eq. 8 and integrating, one obtain 


Ty(T) 


(0 - 
we) = T0201 t+ 4g)° 9? — 0,534 


Using this equation, we determined p(0) from the measured pC Radia- 
lion doses corrected for fading during exposure were then obtained from Fig. 4. 
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X-Ray Critical-Absorption and 


Emission Energies in kev 


The 


energy and wavelengt! 


By S. FINE and C. F. HENDEE 
Philips Laboratori« 


conversion equations 
used at 
Irvington on Hudson 

key) (). 00017 


12.49644 
Increased use of 1 2.39644 / 1.002020 A(kX 
detectors for X-1 

for a table of energ In computing values the numbe 


L absorption and em places retained sufficed to maintain t 
The table pre enter 


all elements Most 


uncertainty in the original source blue 


The values in the table have been listed 


Howe 


ib orption edge 


uniformly to 1 ey er, chemical 
form may shift 
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To discover computational errors a 


Moseley "g 


consistent 
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lated experimental! 
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tain values wer 
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X-Ray Critical-Absorption and Emission Energies in kev 


Atom K aeries 


Num 


her Blement j Kg 


Hydrogen 

Helium 

Lithium 

Berylliun 

Boron 

Carbon 

Nitrogen 

Oxygen 

Fluorine 

Neon 

Sodium 

Magne ul 54 rf 1.254 
Aluminuy | y! 1. 56 1. 487 
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Element 


u 
Germanium 
\reeni 


Seleniur 





Kubidium 
Strontium 
Yttrium 
Zirconiu 

Niot uth 
Molybdenum 
rechnetium 
Ruthenium 


Rhodium 


(mM) 
tS 
ts] 
ols owt | »s 
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625 f 4 5.5341 
Sod § 5.780 
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FIG. 2. Formation of soluble nickel in 
CP-3's central 
ampule containing 17.7 cm® air 
ot 28° C at total pressure of | atmos., 
5.1 cm of 28-mil nickel wire 
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FIG. 3. Formation of soluble nickel in 
CP-3's central thimble in 
ampule containing 17.7 cm® air of humidity 
4.03 mm Hg of water at a total pressure 
of 1 atmos. at 28° C, and 5.1 cm of 28-mil 
nickel wire 
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vitreous-silica 


Laboratory 


How NITROGEN AND OXYGEN REACT to 


coat nitric-acid-susceptible metals in 
the presence of water vapor in Argonne 
CP-3 heavy 


by determining the reaction 


water reactor was studied 
prod ict 
formed on nickel. The optical proper 
ties of the 


conformed to Ni(NO 


initial 
6HL.O 


formation of soluble nickel compound 


reaction’s product 


and the 
proceeded until about 1/2.7 moles of 
had 
each mole of water 
This that the 
ceeds beyond the consumption of water 
by the formation of Ni( NO )o¢3H,O 

nitrogen fixatio 


that the 


rie kel been rendered soluble lor 


originally present 


suggests reaction pro 


earlier studies of 


in a reactor showed nitroge 


and oxygen combined in the vis pha 


Such a reaction is not unexpecte 
since oxygen and nitrogen are know 


to combine under a variety of ionizing 


conditions In some further studi 

an attempt to correlate the effect with 
the slow-neutron flux failed (2 
We observed that corrosion films de 
veloped on metal exposed to air in the 
CP-3 This effect was at 


tributed to chemical reaction between 


reactor 


exposed metals and products formed in 
the ai 


Some of the practical consequences 


of exposing metals to humid air in a 
reactor have been discussed previous! 


4 (see box, p +t) Oxides were 


found to form in copious amount 


when lead was exposed to radiation 


in humid oxygen. Formation of n 


thimble— 


Heavy water 


Plan view cross section of CP-3 in 
Jacketed natural- 
,-in. centers 


FIG. 1. 
central-thimble region 
yvranium rods are on 5 


trates was noted on aluminum, cobalt, 


copper lead, nickel and Inconel when 


posed in humid air in a 
These 


corrosion 


they were ex 


nuclear 


metals are all 
But 
not 


un- 


reacto! 
ubject to nitri 


rold and 


“cla 


stainless steel, which are 


corroded by nitric acid, remained 
coated No corrosion was seen when 
nitrogen, or 


the atmospheric oxygen 


iir was dry. To produce appreciable 
quantities of reaction products on the 
metal investigated, water vapor had to 
he present 

Thus it was concluded that the 
essential phenomenon did not involve 
the metal, but rather the fixation of 


nitrogen 


Experimental Method 


Nickel 
they did not become 


samples were used because 


intensely radio- 


uwtive, did not show complicating 


lead), were 


and the 


inalyzed easily 


effects (like those shown by 


not rapidly soluble in water 
products could be 

Kach cleaned and polished 0.028-in.- 
liameter by 5.l-cm-long nickel-wire 
imple was prepared for irradiation by 
17.7-cm** 


being inserted in ampules 


made of 18-mm-o.d. vitreous-silica 


tubing Che desired atmosphere? was 
swept through the ampule for several 
hours using a capillary tube in its neck 
Then the and 


tube was withdrawn 


* Where noted, ampules of 


were use | 


lifferent size 
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17.7-cm® ampule was sealed tight 

he sealed ampules were placed in 

thin-wall aluminum tubes and irradi- 

ted by placing them near the bottom 

f one of the small tubes in the central 
ile of the Argonne CP-3 reactor (4 

oss section of CP-3 in this region 

wn in Fig. 1. Irradiation tem- 

ires were about 40° ( After 

il from the reactor, the ampules 

permitted to stand until the radio- 
itv had decayed sufficiently 
i several weeks, they were opened 

1 chemical analysis was desired, 
ontents were washed out with 

the washings diluted to known 
me, and an aliquot analyzed. If 

nation of the solid product was 

i sample was taken from the 


ce of the wire 


Experimental Results 


reaction products were found on 
wires irradiated for 30 Mwh in 

ampules containing dry oxy- 
After 30 


irradiation in moist oxygen, a 


nitrogen, or dry air. 


ount of a black product, possi- 
xide, was found on the wire but 
sitively identified. 
imple was prepared in an ampule 
to a manifold to which was 
ched a flask of water. The mani- 
vas evacuated, then sealed off from 
imps to permit it and the ampule 
led with water vapor (20-30 mm 
then the ampule was sealed. No 
m products were found on the 
re in this ampule after 30 Mwh irra- 
n Sut copious quantities of a 
een water-soluble — salt were 
on a nickel wire after 30 Mwh 
tion in humid air that had been 


ted at 2S” ( 


The opty al prop- 


1 air were fro - 
rhe nitrogen was freed 
ing it through two 2-ft 
porous copper (prepared 
rm copper oxide) heated 
ited humid gas was pre- 
gis succe ‘ 
columns 20-i1 
laced in a thermostat and 
beads covered with water 
is read on 
in the column 
humid gas was 
iturated humid gas 
through columns 
red ratio as determined 
rhe vapor pressure of un 
| gas was checked by weigh 
tube filled with anhydrone 
the gas flowed for a 
ite measured by a flow 
4 further check was made by 


ng the dew point of the gas 
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erties (interference figure, refraction using 17.7 em’ ampules 
indices) were found to correspond to 
those of a sample of commercial 


Ni(NO,).6H.0: biaxial negative, a 


ings of this sample were analyzed for 
Ni 
imetric methods, the Ni 
glyoxime (6 


amine (6 


NO and no (<5 pg) NO. Thus 
Nit? and NO were present in the 
molar ratio 1/2 nickel formation would saturate 


identify the product obtained on a 
cobalt wire by the powder X-ray dif- 
fraction method, but no success was 
attained because the diffraction pat- 
terns were too diffuse 
were made to identify the product on 


the nickel wire by this means. 


ducted for various lengths of time 


Figure 


the atmosphere was air that had been 
saturated with water at 28° C 
17, 6 1.55, ¥ 1.56. The wash- 
which the atmosphere was air contain 
NOs, and NO.” by using color- 
*bydimethyl- mm Hg. 

the nitrite by a-naphyl- ahd 
ind the nitrate by brucine Significance 
There were 155 pe Nit, 75 pe 
when nickel was irradiated in dry air 
it was reasonable to expect that soluble- 
An attempt had been made to smaller exposures as humidity was 
lowered. Comparison of Figs. 2 and 3 


shows this to be the case 


exposures in Fig. 3 may not be signifi- 
No attempts 


common 


A number of u 
about 85 wg of nickel rendered soluble 





What Nitrogen Fixation Does 


Atmospheric nitrogen is fixed under conditions of ionization, Under 
these conditions, decomposition usually ensues and causes a low equilibrium 
concentration of oxides of nitrogen. But if water vapor and a nitric-acid 
reacting metal are present, the fixed nitrogen is effectively removed as 
nitrate and fixation continues. Because the reaction products are often 
hvgroscopic, under certain conditions they will start or accelerate electro 
lytic corrosiot 

, 


Examples of these phenomena include (4 
® Radioactive particles were transferred to samples in an aluminum can 
irradiated in a reactor. The deposits probably were products of aluminum 
nitrate hydrolysis 
® Strongly radioactive solid samples leave surprising amounts of con 
tamination on surfaces they contact It is suspected that surface deposits 


contribute to this 


® Cobalt wires irradiated in air in a reactor had dark deposits over most of 


the wire and some violet-red deposits. Similar wires irradiated in Lusteroid 


tubes (a cellulose nitrate plastic) had heavier violet deposit 

® A nickel mirror became transparent when irradiated in air in a reactor 
Under a microscope, the part that had been nickeled appeared as a very light 
green transparent incoherent coating, probably hydrated nickel nitrate, 


@Ni kel 


®A hea blue-green deposit, probably a hydrated cupric nitrate, was 


ispension wires in a reactor parted during humid summer days 


found on a copper battery clip used to suspend a polonium sample in a jar 
filled witl nid air 

© A deposit, mostly lead oxide, was found on a steel spring from an evacu- 
ated aluminum irradiation can that had contained some lead in a distant 
part. Presumably, convection currents formed by temperature gradients 
In some re is and water vapor carried corrosion-product particles 
through the can and, because of electrical circumstances, the deposit built 
up on the anring 


iu 
Because radioactive corrosion products can be spread by wiping, capil 

larity, or gas convection currents, the resultant contamination might be a 

nuisance, a health hazard, or a source of spurious scientific results 








shows results of irradiations in which 


Figure 


3 shows the results of irradiations in 


ing water vapor at a pressure of 4.03 


Since no soluble nickel was formed 


The decline indicated by the long 


cant as this much scatter among un- 
monitored reactor irradiations is quite 
Thus it may be concluded 


idiations were con- that saturation in this case occurs at 





Energy Dissipated in the Gas 


Computation ol ‘ d ssipated in the gas is very 
difficult for nur 
large number of individual source 


periments because of the 
immersed in strongly 
absorbing media 

Several attem made to determine dosage 
experimental! [2 However, because everything 
put in a therma ron reactor becomes both a source and 
an absorber, there can be extreme variation* from on 


experiment to another Thus, their results can be con 


f 


sidered only to be illustrative of particular experimental 


arrangements whose details are not described. 
| 


An elementar theoretical treatment has been given in 


which the gamma-ray absorption law exp[u(z) (u/p)2l, 
where u is the buildup coefficient due to the degradation of 
gamma-ray energies and u/p, the mass absorption coeffi 
cient, was appro ited by ¢ 


mean absorption coefficient This simplification 


vhere § is a guessed-at 
yielded surprisingly good es 
experimental information available at the time. It is 
applied here 

The energy sources that 
rays from the fissioning fuel rods, from the moderator, from 
the aluminum thimble and can, from the silica ampule and 


the nickel rod; fast neutron reco nvolving scattering of 


when compared with 


considered are: gamma 


oxygen, nitroge! ind h arogen it the gas: and ( ‘ recoils 
and protons from the ! 
Other ionization sources are probably sufficiently small 


The doses from 


n,p)C"'* reaction in the g 


Bi 
in comparison that the 
the sources are computed in terme f a multiple of 83 


in be neglected 


ergs/gm that their radiation would dissipate in 1 gm of 
material placed at the point of interest 

Dose from gammas. For gamma ra 
range, the dose in all but the heaviest elements o1 hydroge- 
nous substances can be written 
¢( Mev/cm?/see) 1.6 10~*(erg/ Mev) 8(em™') p~'(em*/gm) 


83°! (rep/gm/erg 1.93 * 10°°(8/p)¢d, where the num 


in the Compton 


Dosage rep/ sec) 


bers are explained by the accompanying units, a p corre 
sponding to the 6 user id the flux, @, is used in the 
sense discussed elsewhere (14); it computed from the 
generation (proportional to tl! ocal neutron flux) by 


means of integrals of the 


(where ¢ is the generation and w the solid angle) taken over 


the body. For the fuel rods an approximation was used 
The emergent flux was calculated by an integral of this 
sort, and the flux at the sample wa 
the rod to be a line source whose strength was that of the 
emergent flux 

The results obt ined for the ous sources were rods 
350; moderator, 7.1; thimble 
tube, y }- nickel wire, 4: or a total of 411 rep/sec 

Dose from fast neutrons. To compute the contribu- 
tions from fast neutror it i umed that the fast 
neutron flux as a function of energy, o(/), in the central 
thimble of CP-3 can be represented as 4 & 10'°/EF up to 
1 Mev.t Thus the energy conveyed to the gas is 


ilculated by assuming 


radiation can, 48; silica 


* It is quite simple to arrange conditions in which the ioniza- 


tion changes by orders of agnitucde foot in a nuclear reactor 
t This value was arrived at by comparing the radiation damage 

I £ 

rates in the central thimble with nuclear reactor positions for 


which the slowing down had been studied 


— 


3 
> | ¢.Eo.Ad4 X 10"/E) dE = ¥ 4 


vyhere A is iumber of atoms, ¢ the average fraction of 
the energy conveyed to the atom in a neutron collision and 
a is the atom ittering cross section The values of ¢ 
lor hydrogen, ! rogen, and ox *n are 0.5, 0.12, and 0.11 


respectivel For the 17.7 en gas used here containing 


28 mm of water and 722 mm of r at a temperature of 
28” C, the resp \ 3 ol for the hydrogen, nitro- 
gen, and oxyge ) ind 1.8 * 107° atoms, 


possessing a to ve 0.02 gm. At these energies 


' 
the total er etior 15) can be used for the scattering 
ross section I integrals were obtained graphically 
ind were 7 and : em? Mev/atom 

Mev/sec for the 


T Thus, the gamma-ray 


pectivel 
energy cou 
adosage eqt neutron scattering energy is 
1.6 * 107( Me , : f 1.6 & 10-*(erg/ Mev) 83 
rep/gm/erg D1 A fraction of this was trans- 
mitted to the but the correction is neglected 
Dose from N(n,p)C'* reaction. The dose due to the 
n,p)C reaction is large Of the 0.63 Mev/capture, 
ibout 0.043 Me lissipated by the C'* recoil, all of whose 
energy can be imed dissipated in the gas. The remain- 
ing 0.59 Me des in the proton, which has a range of 
shout | lr} range is comparable to the vessel 
dimensions Che vessel was cylindrical, about 9 em long: 
hence, from its volume of 17.7 em’, the radius must have 
been about 0.75 em With a particle of so short a range 
the length of the inder can be considered infinite for this 
calculation Che energy dissipated in the gas can be ob 
tuined by integrating the product of the range-energy func 
tion and the = distribution-of-path-lengths-in-a-cylinder 
inction. ‘The first function is well known (16, 1? The 
density of all possible interior path lengths to the sur- 
s (13 for p< 2 
B(p/2 lor p>2, N(p 


f 


fuce of an infinite cylinder p 
Vip 2/% 2E(p 
2/3mrp)(2B(2/p E(2/p 
expressed in units of the radius of the cylinder, and E and 
B are the notations used for the elliptic integrals (18 
Che form of N(p) is shown in Fig. 4 (13 The fraction 
of the energy expended in the gas 


|; where p is the length of path 


V(p)E(p) dp 


where FE | rgy lost by the proton in a distance p. 
Phe data for 


ntegrals were 


tegration are given in the table The 
btained graphically and were found to 
be 0.32 + 0.33 659 Thus, the total energy con- 
tributed by the N(n,p)C™ reaction per gram of sample is 
0.63 Mev)(6.4 * 10 atoms)(10 n/em*/sec)(1 
1O7**em?/atom/1 0.027! gm 3.4 * 10° Mev/ gm/sec 
The fraction conveyed to the gas | 0.07 by C'* and 0.67, 
0.65 X 0.93, by the proton. Thus, the gamma-ray 


) 
4 x 


dose equly ilent to the Nin Pp C' reaction is 0.67(3.4 x 


10'® Mev/gm/se« Loz ® erg/Mev)([(1/83 rep/gm 
= 440 re 


t This result istent with our interpretation of calorimetri 
results obtained by observing heat produced in various samples 


put into a nuclear reactor (// 
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Che amount of water in the ampule was 
ut(4.03/750)(273/301)(17.7/22,400) 


385 & 10 moles, and the maxi- 
nickel rendered soluble 
10-°/59 = 1.44 & 10 


2.7 moles of water for 


im amount ol 
ibout 85 & 
s, or about 

| mole of Ni 


reaction near saturation is 


This suggests that 


ver-all 


3H.O + N. + 30, 


» Ni(NO,)23H.0 


It is presumed that at some point in the 
ehydration curve of Ni(NOs;).3H.0, 
removal rate of fixed nitrogen de- 
the conditions of 
The 


vides in the gas phase would 


unde! these 


liatl concentration ol 


ons 
wen oO 
increast It has been concluded 
these initial products of nitrogen 


under irradiation 


mn cae ompose 


hus it is assumed that, with a 


al rate of nitrogen 
the gas phase, the concen- 


these oxides increases until 





2 3 
u (radii) 





l 


FIG. 4. Niu), the distribution of path 
lengths within the infinite cylinder 











Data for Integrating N(u) E(u) for 
. 0.75 cm, p 1.114 mg/cm’ 
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their decomposition rate becomes equal 
to their formation rate, and saturation 
ensues, 

Nitrogen fixation rate. The initial 
rate of nitrogen fixation can be com- 
nickel 
rendered soluble at the initial rate of 
20 we Ni/Mwh, or (20/17.7) 7.64 
107° 8.63 * 107-5 ug Ni/em!®/sec at 


a reactor power of 275 kw. 


puted from Fig. 2. The was 


Since two 
atoms of nitrogen have been fixed for 
each atom of nickel rendered soluble, 
the rate of nitrogen fixation was 8.63 » 
10 10~*)(2/59)6.02 « 10*8 LS & 
10"? atoms N 


Yield. To 


mate yield, it 


Cth sec 
the 


s necessary to compute 


calculate approxi- 


the energy dissipated inthe gas. From 
such a computation (see box, page 40) 
it is concluded that the gamma-ray 
dosage was about 410 rep/sec and that 
the heavy-particle dosage was about 
140) 


produ es 


\ dosage rate of | 

2 x pairs 
standard air or 2.1 & 10° 
93 /83)(0.804/1.29) 10” lon 


+ 


rep Sard rep 


about ion 


em ol 
15 & 
pairs/em*® of standard water vapor 
Thus. there are formed 410(1/750)(273 
301)(722 X 2.1 K 10° + 28 x 1.5 


10” 7.5 ion pairs/em*/sec 
from gamma rays 
From a study of the passage of heavy 


particles through gases, it was con- 
cluded that the energy required to form 
an ion pair in water vapor was 12% less 
Thus there are formed 
[2.1 & 10°)[722 4 


7.3 X& 10"! 
rom the heavy particles 


than in air (4 
$40(273/(301 & 750 
28)(1.12)(0.804/1.29 
ION pairs, ser 
This estimate probably should be re- 
the 
particles 
than 


duced somewhat since part of 
heavy 
other 


some of 


energy conve ed to 


would be lost ways 


I the 


ionization and 
hydrogen) might not be quite as effec- 
tive in promoting reaction, 

The total number of ion pairs/em 
sec has been estimated as about 1.5 » 
10"*, and if this is compared with the 
10! 


there 


observed rate of reaction, I.8 & 


atoms/cem'/see of nitrogen fixed 


is a yield of about unity 


Accuracy 


Although the CP-3 
drically « 
thimble is 
ness of the 


reactor is cylin- 
the central 
the short- 


mmetrical and 
inserted axially, 
ertical axis Causes a vertical 
variation in fluxes in the accessible 

* The fractio 
absorption oeffi 
the ratio of the 


94/535 14 


the ratio of the 


ents, and 0,.804/1.29 is 


densitie 


This variation is 
as about 20° for the slow-neutron flux 
and 50% No 


attempt has been made to estimate the 


regions. estimated 


for the fast-neutron flux 


flux variations, Since 
the 


vertically, a 


gamma-ray 
some of irradiation 


stacked 


have occurred in the 


cans were 


variation would 
results 

Figure | shows that the small periph 
eral tubes are not located symmetrically 
with respect to the reactor 


some Vari 


ation, perhaps 10-20%, would be en 
countered in moving from one of these 


Additional 


ations would depend on the particular 


tubes to another vari 
loading 
crudeness of 


the 


it is surprising that 


In view of the the ap 


proximations and possible experi 


mental variations 
in several cases in which an atte mpt 
ionization by 


the 


was made to estimate the 
the methods used here estimated 
effects the 
effects to better than 50% Thus 


felt that the computations can be relied 


agree with experimental 


it is 


on to a factor of 2 


. . * 


This article ia based or work 
inde of the ft 
(Commission The autho a 
onnel of Argonne National 
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nt ieading to ar 
f ta observed by the 
W. H. MeCorkle, J. G 
Hart, for call 


ling to o 
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Energy 
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Where Does the U. S. Atomic 


The Joint Congressional Committee on Atomic Energy has completed two weeks 


of hearings* on ‘the development, growth and state of the atomic energy industry.”’ 


Considerable light was shed on the problems to be faced by AEC and 


industry in the months ahead. This is a report on the highlights of the hearings. 


Tae Atomic Enera 1954 was 


passed for the purne tering the 
development of 
Because 


powers given to 


industry 


it is recognized tl 
industry will be 
siderable degres 

In ite use of the 

Joint Committe 

in its hearings req | 
of the law, asked AK 


regulatory progras 


Industrial Participation 
The heart of the hearing 
part of them on wil 
most useful information « 
the discussion of AE 
plans regarding “oper 
industry. 
The Joint Comn 
industry be permitted to obtain liv 
wtiviti with 


ittee 1s anxiou 


for nuclear 

“strings” and inhibitions impo 
AKC as possible 
borne out by the JCAI 


‘ 


Sen. Anderson (D., N. M If 


TI thinking 


else comes out of these he iring 
we will settle whethe ve are 
under 


LICCTIBCE 


go ahead 
Government does 
partner and henes 

or whether the \ re gol 
enterprise have a sho 
If industry is left 
they will get along faster that 
that the 


uninhibited 
f they 
have to make sure proposal 
they make is one that the Government 
thinks is feasible. | 

.. find that industr has 
that it moves along pretty 


when it is left 


think we could 
learned 
rapidl 
ilone 

These comments were, in part, aimed 
at AEC's ‘power demonstration’’ pro 
s felt that Alc¢ 
financial support of industrial reactors 


subsidy and 


gram, under which it 


would be a uuld be a 


circumvention of the “no subsid 80K 


* The hearings were heduled t 


eluded during the first part of Ma 


42 


tion of the law, Sec, 169 This states 


No funds of the ¢ omi ion Shall | 


construction or ope 


employed in the 
tion of facilities licensed under section 103 
or 104 except 


under contract or othe! 


rangement entered into pursuant to 
section 31,’ 

Rep. Cole (R., N. Y.) felt 
escape”’ clause at the end of 169 


AKC to 


reactors 


that the 
ce signed, not to permit 
dize the building 


rather to permit AIC to contract 


research and development work afte: 
a private reactor has been built r} 
he felt, might save AKC 


unnecessary facilities 


from building 


Prices 

Because the price schedule that AE‘ 
has set for special nuclear materials j 
classified, there was little specific dis 
cussion. But it is clear that 
AKC 
plutonium produced was 
avoided although AK( 
a slightly higher price for some of the 


quite 
subsidy by Via weapons prices fo! 
deliberate] 


exper ts to pa 


material that is usable in weapons It 
is anticipated by AEC that this may 
result in the shutdown of some of 
AC’s inefficient production reactors 
The price scale apparently does not 
bother Consolidated Edison which sa 
A tacit thinking 


was that we 


assumption in our 
should accept whatever 
charges or prices the Commission estab 
lished for material used or produced in 
the reactor.”’ 
On the other Atomic Power 


Detroit ed 


hand 
Associates 
feels that “for 


Development 
80n group) oOmmercia 
economic reactors, the prices pro- 


Apparently 
1954, this group had been making its 


vide no incentive 
plans based on plutonium prices twice 
as high as what the AK 
Because the earnings from plutoniun 


ibout half the 


finally et 


were expected to be 
earnings from the total project, the cut 
in price has caused this group to con 
sider seeking Al 


power demonstration 


assistance under the 


program 


Reactor Philosophy 


The AE¢ 
based on the premise that it is the 


vower reactor program 
Government's responsibility to ad- 
Vance the lrontiers 
field of 
AEC 


of knowledge in the 


reactor development said 


Allardice (JCAEF staff 
criticism that was 


Would you 
olced by 
that the 


hare the 
in eminent physicist Com- 
mission’s program has 


pile that did not 


vet to produce a 


surpass its design 


{ 9 
rOrTrmMance 


criteria in per 
Libby: I think that it is to a 


extent valid It is a little bit diffi- 


certain 
millions of 
might 


ou might 


cult to spend millions and 


on what you 


the people 8s mone, 


call a real long shot, whereas 
long run by doing it 
ilthough it might be 
I think we are 
intermediate course 


Nichols: My own philosophy on re- 


that we 


make time in the 
quite expensive 


trying to follow an 


search and development is 
should be pre pared as we see uny one 
of the approaches look promising to 
back it to the hilt as far as the start ot 
the art for that 
warrants We just let 


I think that is the onl 


particular approach 
whatever one 
wins win way 
we can approach this thing and not 


have a lot of opinions, and then worry 


‘bout changing them 


Power Demonstration Program 
Of the that AEC has 
isked for in its ’56 budget for the 


$50- 


o/o-millon 


power demonstration program 
million will be for research and develop- 
ment and $25-million will be 
The latter 


Special 


for plant 


and equipment money 


will require Congressional] 

iuthorization 
On the question of the controversial 
April 1 deadline 
posals under this plan, AK¢ 
Manager Nichols 
If we feel 


set lor receipt of pro- 
General 

said 

we have a broad enough 


good proposals 
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base where we have 





Energy Program Stand Today? 


> may pick out one or two of them 
ay let us go forward with this for 
sake of getting the art going faster, 
it set another deadline—maybe it 
ight to be October 1—-so that we 
t try to use, unless we have 
istonishing results, all the money we 
ire asking for 
\iv own feeling was that probably 
April 1 date should be supple- 
ented afterward with a date like 
De | of next year, so that people 
vho have gotten a late start can come 
the second race. That is some- 
for the Commission to decide 


sed on the proposals we receive.”’ 


Raw Materials 


The limitation on nuclear power de- 
ment is not on the availability of 
inium ores or concentrates, accord- 
to AKC Jesse Johnson, AC's 
materials chief, said: “If we can 
iintain a rate of discovery on the 
rder of that which we have had during 
the past four or five years, we certainly 
hould be able to supply from domestic 
irces the nuclear power requirements 
the U. S. for a matter of 40 years 
pet 
Another comment by Johnson was 
that “For each 1,000,000 kw of electri- 
capacity, about 600 tons of natural 
iranium would be required for the 
\itial inventory. Following that, 50 
tons of natural uranium would be re- 
iired for annual replacement on the 
isisofa2%burnup. ... Witha3% 
yurnup, which I think our reactor 
people feel is something that might not 
be too difficult, the 50 tons of annual 
replacement would drop to 33 tons. 
If the burnup was 10%, the annual re- 
quirement would drop to 10 tons.” 


Reactor Safeguards 


Allardice (JCAE): Has the Com- 
ssion exercised independent judicial 
rutiny of these advices given to it 
the Advisory Committee on Reac- 
or Safeguards|? 
Nichols: Yes. Also I have talked 
to the reactor safeguards committee 
said, ‘‘Have you really analyzed 
is to what is a common-sense solu- 
on here?” It is something that I do 
not feel we have a happy solution to, 
et, because any group that is set up 
to point out hazards tends to point 
them out. 
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Allardice: Do you believe that the This offer reportedly ‘‘combines a 
attitude and the recommendations so demonstrated and conservative tech- 
far of the committee have had a de- nique, with a substantial advance in 
terring effect on insurance companies? — the fuel elements, producing an over-all 

Nichols: Yes I personally feel they result that we hope will be reasonably 
have been a little too conservative ... competitive with conventional plants 
They do not want to be involved in a in our area. In consequence, we have 
recommendation that might ultimately every expectation of applying to the 
lead to an accident Commission for licenses in the near 

future, and we hope to do so prior to 
Industry Activities April 1.” 

Atomic Power Development Associ- 
ates. APDA will set up a nonprofit 
membership corporation to build its Based on an estimate that nuclear 


Manpower 


proposed developmental 100,000-kw reactors will be producing 12-miullion 
breeder reactor. It is expected that a electrical kw in 1975, AEC foresees a 
plan for such a reactor will be sub- jump from the present 14,000 scientists 
mitted to AEC prior to April 1 as a and engineers working in atomic energy 
proposal under AEC’s “ power demon- to 40,000. This would mean training 
stration” program 1,000 such new men per year instead 
Con Ed. It now appears that the of the present 1,500 
world’s first full-scale privately owned AEC gives ‘‘on the job” training to 
nuclear power plant will be built by engineers from industry for one-year 
Consolidated Edison Co. of N. Y. with periods. Such assignments “may be 
100% private money Proposals for as a consequence of a consultant con 
building a 100,000-200,000 kw reactor — tract, a personnel loan or other suitable 
have been sought by Con Ed from GE,  arrangement.’’ To date, 165 engineers 
Westinghouse and Babcock and Wil- have been so trained. At present 
cox, with the latter said to have sub- about 200 men from 90 different organ 


mitted the most attractive” offer. izations are working in AEC facilities 


Comments about the industry 


It is estimated by AEC that approximately 50°, of the Government funds 
expended on the PWR will be under contracts awarded on a competitive bid 


basis 


BUGHER, AEC director of biology and medicine: I anticipate that over 
a span of 10 years or so most of the medical centers in the country would 
be interested in a reactor for medical purposes, 


rhe Joint Committee inquired “about the transfers of people back and 
forth between the private portions of the {industrial| laboratories and the 
portions they are operating under contract,” ¥ 

NICHOLS: It is one of the things we presently have before the Commission 
to try to resolve, and put some better guide lines on it I think you have 
to permit that interchange if you are going to build a healthy industry. 


NICHOLS: In Oak Ridge some of the technical people feel that their 
reactor is getting to the point where if it is not picked up by private enter- 
prise, maybe the Government should build it there and use the power. 


NICHOLS: We have one company that already is turning out such things 
as control rods under an authorization. In this case it happened to be help- 
ing Canada. 


NICHOLS: The purpose of the Argonne fuel element fabrication facility 
was not to go into the production business, but essentially to do development 
work for different types of fuel assemblies. We felt we needed one facility 
in our Government laboratories for industrial development. 


DAVIS: The estimate [on the APPR| was prepared by Oak Ridge and was 
about $4-million .. . 

NICHOLS: I personally feel that the company bidding on this [ALCO} is 
taking some loss on the initial reactor in the hopes that here will be future 
business . . . Instead of giving the price of the first one, they may give 
the price at which they hope to produce successive models . . . I would say 
that there is some basis for a statement [that the successful bidder on this 
contract bought it by bidding under}. 
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Polyethylene’ 


FIG. 1. Proton-recoil fast-neuvtron counter. Dural was used counter 
for walls to keep them light. Counter was vacuum-sealed with 
cold-setting Araldite (Ciba, New York, N. Y.). Space between 


walls, 





ends and polyethylene permits detecting protons 
emerging near ends of polyethylene before they enter end 
Counter characteristic is given in Fig. 5 


Portable Survey Meter for 


Problem: Need survey meter that will respond to fast or slow neutrons 


Solution: 


Design BF; counter for slow neutrons and proton-recoil counter for 


fast neutrons so as to operate at the same voltage and to have similar 


counting rates, then use common high-voltage supply and counting-rate meter 


By BOYD W. THOMPSON 
Radiation Laborato 
University of Califor 

Berkele y, ¢ ‘aliforn 


NEUTRON SURVEY METERS should have 


high efficiency, nondirectional charac 


teristics, energy independence (or 


known energy dependence), and the 
ability to discriminate against gamma 
ays The present instrument repre 


attempt to 





sents an combine these 


features with response to both fast ar 


slow neutrons. A BF, proportiona 


counter is used to detect slow neutron 


a 


a proton recoil counter to detect fast 
either 
counting-rate 


! 


neutron counter can feed a 


) 
common meter Pro 


portional counters were chosen because 


Reictive Response 
a e 


«w 


they have good gamma-ray discrimi- 


nation, are essentially nondirectional, 


and are small enough and have power 


requirements low enough for a portable 


instrument, 


Fast-Neutron Counter 


The proton-res oil counte: 


this instrument is shown i 
Che theory of its 


operation has been 


discussed elsewhere (1-3) Sensitivity 
directly proportional to energy as 
hown in Fig. 2 The counting rate 


( is given by Kkq. 7 of (1 
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FIG, 2. FIG. 3. 
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Response of proton-recoil counter 


BF; counter for slow neutrons 
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Filling: !cm BF, + 75cm A 
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FIG. 4, Characteristic of slow-neutron 
counter. Note 200-v-wide plateau; it al- 
lows adjustment to recoil-counter voltage 
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FIG. 5. Characteristics of fast-neutron proton-recoil counter. Filling gas is 96%, A, 
4% CO». Note decreased gamma-ray sensitivity (due to wall effects) as the 


pressure is increased 


Fast and Slow Neutrons 


10-7 NyAS@(E)E dE (1) 


V; number of hydrogen 
cm* in wall material, A area 
drogenous material (cm?*), E£ 
gy of incident neutrons and @, (£) 
fast flux per unit range of energy. 
| quation | was used to fix the coun- 
ter dimensions.. It was reasonable to 
hoose 100 Mev/cm?/sec as a full-scale 
reading on the most sensitive range and 
rable to have approximately 5 eps 
respond to this energy-flux density. 
Substituting numerical values and ac- 
inting for those protons not detect- 
e below the usual gamma-ray bias, 
e find the area of hydrogenous mate- 
needed is about 1,000 em*. The 
kness can be chosen from Moyer’s 
es (/) and is usually taken as '¢ in 
the energy interval 0.1-20 Mev. 


Slow-Neutron Counter 
The BI 


easure the slow-neutron flux is 


proportional counter used 
nin Fig. 3. Its counting rate is 


c o, \ V non (2) 


slow-neutron flux (n/em? 
active volume of the counter 
number of B'® atoms/em# 
yunter gas, and oy = B'® capture 
ection at thermalenergy. (Usu- 
shield-leakage flux is sufficiently 
veaked at thermal energies to allow one 


issume that the thermal cross sec- 
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Difficulties of Neutron 
Monitoring 


Portable neutron inatrumenta- 
tion has nol attained the develop- 
ment and simplicity enjoyed by 
other types of radiation-detectors. 
Neutron detectors de pe nd upon a 
nuclear cross section, and there- 
fore have inherently lou effi 
CLENCIES They are usually en- 
Attempts 


fo overcome ROT of these dis- 


ergy-dependent as well 


advantages have met with moderate 
success (1 Usually when one 
condition is satisfied another must 
he given a secondary role or hal- 
anced by some other method 

The presence of gamma rays 
in all neutron fields is an addi- 
tional factor affecting neutron 
dosimetry which must be taken 
into account hecause of the differ- 
ent relative biological effectiveness 
(RBE) of neutrons and gammas 
approximately 10 for fast neutrons 


and +5 for alou neutrons, 





tion applies over the entire energy in- 
terval measured by the boron counter 

The presently accepted slow-neutron 
tolerance is around 1,500 n/em?/sec 
A practical counter should be able to 


measure to about 20 tolerance and 
have the most sensitive range read up 
to a maximum of 600 nem? se6 

The range of counting rate C, should 
be about the same as that of C, to sim 
plify the electroni« Proton-recoil 
counter response limits a practical sur 
vey meter with three ranges in factors 
of ten to an upper limit of ~ 500 eps 

Putting these values into Iq. 2, one 
realizes the product V Ny is very small 
If Nw is expressed as a function of the 
pressure ? (cm Hg), for the design 
specifications imposed VP 10 em 

Enriched BF, is hardly necessary but 
was used because of its availability in 
purified form A pressure of | em Hg 
was used, the lowest readily measurable 
This leads to the 


reasonable counter dimensions show nh 


on our BF, system 
in Fig. 3. 

In this simple type of counter con 
struction it is necessary to increase V by 
about 20 % to take care of end effects 

A pressure of | ecm was too low for 
good counter operation, so the pressure 
was raised to | atmosphere with dry 
argon. The counter characteristic is 


shown in Fig. 4 


Electronics 

To simplify the electronics, both 
counters should operate at the same 
voltage. From Fig. 4 an operating 
voltage of 1,500 could be chosen for 
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FIG. 6. Schematic of counting-rate meter and vibrator high-voltage supply. For 


rate drops 10°; 
fler-filament battery (B3) drops to 1.2 v 


of el 


the BF, counter 
istic 


A famil 


curves for the proton oil coun 


iracter 


different pressures is shown in 
From these it 1 


68 em He 
) m LZ 


ter at 
Fig. 5, 
that an operating pressure of 
of the filling ga 05% A 
allows 1,500-v ope 
ant decrease in gamma-ray 


seen 


ration 
makes high-pressure operation 
able, but a needed to 
compatabilit vith the BI 


compromise 18 
Insure 
counter, ) 

The 
counting-rate 


instrument ine 

meter }) and 

hown in Fig. 6 
high 


decided to use a 


high-voltage supp! 
After consideration of a 
voltage supplies it 
vibrator type powered by 
flashlight D cell! The table 
page lists supplies inve 


ail able 


ordinary 
on this 
tigated, giving 
coinparative values of power consump 


tion, weight and battery life 


Calibration and Use 

The instrument i 
paring it to a 
Typically, when 100 mr/hr of Ra 
gammas are biased out, the sensitivity 
is such that 15 Me em? of PoBe 
neutrons will yield | count. The slow- 


calibrated by com- 


KnOWnD Po se ource 


ih hollow con 
crete cube to moderate a fast 
plateau of the BF 


wide 


neutron calibration uses 
neutron 
source (4). The 
range ol dis 


counter allows a 


criminator setting, permitting the two 
counters to be adjusted to operate at 


the same voltage and amplifier gain 
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10-usec-wide, 
when plate battery (Bl) drops to 57 v, or when multivibrator-filament battery (B2) drops to 0.9 vy, 


10-my-high input pulse, counting 
or when ampli- 





Comparison of Portable High-Voltage Supplys 


Battery 


drain 


V thrator Battery Po 


model or ollage 


ty pe supply na all 


CRL 
Victoreen* 53: 
Victoreen* 51 
Nuclear t 2019 
Relaxa 
plate battery 


) 
‘ 
tion ose 


* Victoreen Instrument Co 800 TH 
t Nuclear Instrument and Chemi 


Battery We 


ollage at 


ght of 
Batt supply and 
lure Battery life batteries 


volts ly pe hr 


{! 93 
1.04 


l 92 


VS1LOO 
2 D cells 
t D cells 





ured is known well e noug 


neutron spectrum to be mea 
rh to 


then this instru 


approxi 
mate a mean energy 


ment can be used to evaluate the 


radiation hazard due to fast neutrons 
If the slow-neutron flux 


csaiiiel at 


counter can be 


is sufficiently 
thermal energies the BI 
used to estimate it 
The instrument is compact and port 
able, weighing only ten pounds. Its 
high sensitivity, nondirectional charac- 
and the ability 
make it a 
estimating the radiological hazard due 
Three 
vided, enabling one to read from 0-300, 
3,000, or 30,000 slow neutrons /cm?/sec. 


teristics, to bias against 


gammas valuable tool in 


to neutrons. ranges are pro- 


The sensitivity of the fast-1 

counter is approximately proportional 

from 0.1 to 20 Mev, and the 

three ranges correspond to 0—LOO, 1,000, 
10,000 Mey 


eutron 


to energy 


The author ia indetl 
vy hia contribution 
Dwight Dizon and 
many helps 
lone under the auapic 


mimisasor 


Ene gy Co 
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Part lil of ‘“‘The Meaning of the New Atomic Law” 





Regulating Internationa 


Nuclear Activities 


Not only does the Atomic Energy Act of 1954 specify how the Government can 


exchange nuclear data and materials with other nations and international bodies 


—it also provides the base on which the American nuclear industry can 


do business overseas. 


By Rep. W. STERLING COLE (R., N. Y.) 


Chairman, 83rd Congress 


Joint Committee on 


Liomiuc Ene rgy 


Washington, D, ¢ 


SCIENTISTS SPEAK Of the “expanding 
universe,”’ but of more immediate con- 
cern is the “shrinking world” in which 

ich nation must face the hard ques- 
tion posed by the atom: Will atomic 


energy be so used as to better 


man’s 
lot, or will it, like an evil genie, smite 
wn its would-be master? 

On December 8, 1953, President 
Eisenhower addressed the United Na- 
tions and proposed that nations start 
to work together on the peaceful uses 
of atomic energy. He expressed the 
hope that thereby they might arrive at 
mutual understanding that could lead 
to effective control of the destructive 
atom It 


provisions of the 


uses of the feeling 
that the Atomic 
Energy Act of 1954 relating to inter- 


national aspects of atomic energy pro- 


is my 


vide the basis for full implementation 
of the President’s philosophy. 

In addition, unless the international 
field 


ican 


is speedily opened up for Amer- 


participation, there is a strong 
possibility of losing not only the inter- 
national good will we now enjoy as a 
result of the 


offer, but 


President’s magnificent 


also we may weaken our 


role in the coming inter- 


Already 


industrial 


national atomic marketplace. 
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other nations, including Great Britain, 
are taking strides to ec ipture as mur h of 
the market 


sources at their command, 


INTERNATIONAL 
ARRANGEMENTS 
Atom 


Was ii 


is possible with the re- 


Act of 1946 
International 


In the energy 
there 


Arrangements (Sec. 8 


section on 
The definition 
of “international arrangements” in- 
cluded in the old Act has been carried 
over with but little substantive change 
Under the present definition an ‘‘inter- 
national arrangement”’ means either a 
treaty or an international agreement 
that has been approved by both houses 
of the Congress 

The provisions of the old Act that 
any international arrangement super- 
sedes any provisions of law with which 
it may be in conflict is also carried over. 


The Atomi 


also required to 


Commission is 
that its a 
tions give the maximum effect to the 


| nergy 


assure 


policies contained in any international 

arrangement 
Now ot 

Article VI 


Constitution, is 


treaty, by the 
Clause 2 of the 


the supreme law of the 


course ai 


terms ol! 


land, subject only to the provisions of 


This article clarifies the many ramifications of the law 


Also, an 


national agreement approved by both 


our Constitution inter- 


and necessarily 
President) has at 
least equal status as legislation. These 
Atomic Energy Act 
simply codify the 


houses of Congress 


approved by the 


provisions of the 
of 1954 
effect of 


therefore 


both kinds of international 


accords In each, the Congress has an 


opportunity to examine and approve 


the international arrangement 


AGREEMENTS FOR 
COOPERATION 


However, the Congress also wanted 
to give the President a means of dealing 
with certain 


internationally portions 


of the atomic energy program, without 
requiring him to come back to Congress 
for full approval of each agreement 
Indeed, the Atomic 
1946 had been 
permit carefully 
defined Data to 


other nations under specified conditions 


knergy Act of 
amended in 1951 to 
transferring certain 
areas of Restricted 

That technique was restudied and re 
drafted to 


new Atomic Energy 


under the 
1054, are 


coopel 


what, 
Act of 


“agreements for 


become 


known as 
ation.”” The technique was also ex 


panded to cover materials and facili 


47 





ties. Each 
I» howeve! 
Joint 


Congress is in 


Committees 


for cooperation 
formal method 
affai 


arrangements 


national 


Congressional app: 
I should point out that 
for cooperation are | 
to be bilateral agre 
single nation There 
the 


receiving 


tions regiona lefensae 


zation Data 
lating to weapon 
any international atomi 


OO! entel 


into in accordance with See, 124 


Procedures—Section 123 
The 


mente for coope ration are 


procedure nvolved iy 
round 
provisions of Sec, 123, entitled 
eration with Other Nation 

124 
parts of 


does nol cover Lhe 
agreement rather 


only with the procedural a pects of 


those agreement the 


be taken to make the 


teps that must 
iwreements efiec 
In essence these 


tive teps result in 


sheaf of three papers that must 


come 
hefore the Joint Committee befor: the 
agreement can become effective 


Proposed 


in the 


agreement. The first 


paper sheaf Is the proposed 


agreement for cooperation: this must 
meet certain statut« 
1. The term 


nature 


requirement 


eondition duratior 


and scope of the cooperation 
must be set forth 

2. a guaranty | the 
that 


standards as set 


coopel 


iting 


party ecurit feguards and 
rorth in 

ment for cooperation wi 
tained must be included 
3. A guaranty b 


party that any mate: 


ferred pursuant to the 

cooperation will not be used for 

weapons, or for researc! 

ment of atomic we 

other military purpose 
4. A guarant by 

that any 


Data to be 


party material 


stricted transiert 
suant to the agreement for cooperation 
unauthorized 


will not be transferred to 


persons or beyond the jurisdiction of 


the 
specified in the agreement for 


cooperating part except 
coope! 
ation, must be included 

Commission recommendation. Th 


second paper in the sheaf is the re 


48 


mendation of the Commission 
the Department of Defense as th 
ma be, on the proposed agree 
The statute careltu foes not 

which department or agen 
Crovernment is to negotiate an 


ticular agreement It was thought 
presumptuous for the legislative bran 
to seek to tell the 


department or agency he 


President wil 
must use in 
conducting international negotiations 
This is the old Act 
which required that it be the Comm 


irom 


a change 
sion that entered into any agreement 
it was thought that there 
statutor’s 


However 
should at least be a require 
ment for either the Commission or the 
Department of Defense, whichever 


proper, to make its recommendation 
with respect to the proposed agreement 
This recommendation is not absolute 
the 


might approve the 


binding upon President, and he 


wreement and send 
it on through the balance of the step 
despite an adverse recommendatior 

by the 


The old law made approval 


Commission a statutory requirement 
Commission 


The nev 


brings out the advice of that agency o1 


ind even required that 


approval be UNAaAnINOUS 
department with special competence 
in the particular field involved in the 
proposed agreement, but it leaves to 
the President 


stitutional 


who has the basic con 
responsi bilit) for inte 
national affairs, the final determination 
If he desires 
to consult the National Security Coun 
cil, he but this is not 
required, as under the old Act 
I should that 
instance in which the statute require 


the Department of Defense to make it 


in the executive branch 
is free to do so 


state here the onl 


recommendation is in the case of the 
proposed communication of Restricted 
Data dealing with weapons pursuant 
to Section 144b 

Presidential approval and deter 
mination, The third 
the 
resident that the performance of th 


paper in the 


sheaf is determination of the 


proposed agreement will promote, and 


constitute an unreasonabl 
the common 


°* He is re 


will not 
risk to 


security 


defense 


jull 


* At this point I 

» the definition set for 
ommon defens« 

defense 

iited States The 


leon 
ph © is not 
lefense ar 


ind the othe 


tended to mean the mmon 


security of the United State 


country That meaning is embodied 
mutual defense and secu 


l44b 


the phrase 


a8 used in Sec 


this determination in writing after he 
has received the proposed agreement 


‘ 


together with the recommendation of 


the Commission or the Department ot 
the old Atomic En- 
the President 


that the arrangement 


Defense Under 
ergy Act of 
! to find 


1946 was 


require 


ould substantially promote and woul 


i 
common defense and 


not endanger the 
security of the United State 

The President 
charged with the 


rg i 


again iis the person 


responsibility for de- 
shall handle 


with other 


the actual 


iding who 


relationships nations, must 


vuthorize the execution of the proposed 
igreement 

Joint Committee 
the President has 


After 


determi- 


scrutiny. 
made his 
nation, the sheaf of three papers is then 
before the Joint Com- 

0 day 
This 


for informational purposes 


required to lis 
mittee for s while Congress is in 
esslon essen- 


tially The 


Joint Committee has no power to ap- 


requirement is 


prove or disapprove any specific agree- 


ment However f Joint Committee 
members find that there is anything in 
the vith they have 


agreement which 


serious disagreement, there are several 
courses open to them: 

1. They can discuss the matter with 
President the the 


State and the Depart- 


the Commission 
Department of 
Defense to try 


the 


ment ol 


them to 


to persuade 
views of the Joint Com- 
mittee members 


7: They can 
discuss the 


in most instances fore- 


een matter on the floor 
of the House and the Senate and raise 
public issue over the disputed matters 

3. They can introduce legislation to 
prevent consummation of the agree- 
ment 


4. They can 


ot her 


attach conditions to 


legislation such ag 


which will 


under the 


appropri- 


itions prevent spending 


none agreement, or will 


prevent or hedge the operations under 
the agreement 
The Joint Committee does not have 


the authority to waive the 30-day 


veriod in the Cis ol agreements for 


cooperation, as it does in connection 


vith the determinations of new ma- 


special nuclear material 


or as source material (Sec. 


connection with long-term 
utility 
the 


forward 


contracts for electric 


services 


Sec. 164 Therefore Adminis- 


tration must come with any 


proposed agreements fo cooperation 


ufficiently early in each session of 


Congress Lor the statutor period 
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Misconceptions 


Many misconceptions exist 
as to the purposes and extent 
of the international provisions 
of the Atomic Energy Act of 
1954. Perhaps what | have 
written in this article will dis- 
pel them. If not, let me make 
clear: 

1. Activities abroad are not 
licensed; it is only activities 
which this 


control which are licensed; the 


over country has 
activities abroad are author- 
ized by appropriate means; 

2. There is a distinction be- 
tween an authorization and a 
license; 

3. No attempt was made to 
regulate the construction or 
ownership of facilities abroad, 
except through the authoriza- 
tion features of Sec. 57a(3); 
this merely regulates the con- 
tributions to that ownership or 
which the 
United States has any control. 

4. No attempt 
made to regulate 


construction over 


has been 


‘interstate 
commerce outside of the U. S."’ 











before Congress adjourns. 
bar drafts of the 


f li pse 


Atomic Energy 


Rat. ol 
Joint Committee to waive, but the pro- 

yn was dropped by the Joint Com- 
that the 


waiver in 


mittee because it was felt 


proposal to exercise such a 
nternational areas while Congress was 
jut of session was an unwarranted as- 
umption by the Joint Committee of 
esponsibilities that properly belong to 
This is not 


instances 


the vhole (ongress. 


the other three and 


iuthority is therefore specifi 
inted 


of these steps are devised with an 


vard permitting as much inter- 
al exchange as possible and, at 
that 
the 


tems of materials and information 


ime time, seeing there is 


sensitive 


juate control 


ove! 


Substantive Aspects of 
Agreements for Cooperation 
Atomic Energy Act of 1954 
porates the applicable controls re- 


The new 


specting international problems in the 
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1954 carried the right of the 


same chapter that includes controls on 


domestic uses. The controls are im- 


posed on materials, facilities and 
information 
Materials, 
Atomic 


international 


The provisions of the 
Act 


transfer of 


new Energy relating to 

materials 
under agreements for cooperation are 
incorporated in Sec. 54 for special 
nuclear materials, in Sec, 64 for source 


materials, and in Sec. 82a for by- 


product material. The provisions are 
all worded identically: 
Commission is authorized to 


cooperate with any nation by dis- 
tributing special nuclear (source) (by- 
and to distribute 


product) material 


such special nuclear (source) (by- 


product) material pursuant to the 
terms of an agreement for cooperation 
to which such nation 18 a party and 
with 


which is made in accordance 


section 125 


I should draw attention to one othe 
section with respect to special ’nuclear 
materials. That is Sec. 57a(3), which 
in part says that it is unlawful for any 


person to 


‘(3) directly or indirectly engage in 
the production of any special nuclear 
material outside of the United States 


except (A) under an agreement for 
cooperation made pursuant to section 
123, or B I 


Since special nuclear material is so 


vital to the 
was thought essential to 


production of atomic 
weapons, it 
security of 
this 


permitted to go 


the common defense and 


this country that no one in 


should be 


abroad and help any 


country) 
other country, 
either directly or indirectly, to produce 
special nuclear material. However, it 
was recognized that activities of this 
kind involving Restricted Data might 
be desirable as part of the enlarged 
program for international coopreration 
Therefore, such 


mitted where they 


activities are per 
are done under an 
agreement for cooperation 

Facilities. The 
thorized to grant 


Commission 1s au- 
licenses to persons 
within this country to export facilities 
for the utilization or production of 


sper ial nuclear material. The right to 


materials 


7 Both source and by 
license even though 


product 
can be exported under 
cooperation has been 
United States and 


no agreement 
entered into between the 


the recipient These are discussed 


in later ection 

t Subsection 57a(3)(B which does not 
volve Restricted Data 

j 


later 


will be discussed 


such a license with 
that the 
found to be of practical value is set 
Sec. 103a; for 
development facilities the authority is 
104d 


the export must be undertaken pur- 


grant respect to 


facilities Commission has 


forth in research and 


contained in Sec In either case, 
suant to an agreement for cooperation, 
except that certain component parts of 
such facilities, which do not involve 
Restricted Data 


under simple license granted by 


may be exported 
the 
Commission 

The limitations on export are further 
103d and 


Sec. 104d, which expressly prohibit the 


clarified by the words of Sec 
Commission from granting any license 
under those sections to any person for 
within the 


States 


under o% 
United 


license 


any activity not 
jurisdiction of the 
except under an export pur- 
suant to an agreement lor cooperation, 
with the sole exception of component 
parts (Sec. 109) that do not 
Restricted Data, It was intended that 
these sections operate as follows: the 
United States 
agreement for cooperation with another 
that 


reactor 


involve 


might enter into an 


nation, requiring the export to 


nation of, for instance, a 


The firm in this country from whom 
that 


reactor 


nation desires to purchase the 


must then obtain a license to 
export that reactor pursuant to terms 
of the agreement and rules and regula- 
tions promulgated by the Commission 

I see no undue complications in this 
The rights of 


this 


method of procedure 


the exporter within country are 


established by rules and regulations 
The rights of the importer within the 
country receiving the facilities are, of 
course, to be determined by the laws 
of that 
to the 
cooperation 
Information. 
the 


Mission 


country tjoth are subject 


terms of the agreement for 
Section 144 permits 


President to authorize the Com 


and the Department of De 
fense to communicate certain specific 
kinds of information to other nations 
The Commission is authorized to com 
municate to other nations, pursuant to 
an agreement for cooperation, Re 
stricted Data on the peaceful uses of 


The 


Defense is likewise authorized to com 


atomic energy Department of 
municate pursuant to an agreement for 
Restricted Data 


relating to the external characteristics 


cooperation, certain 


however, 
the 
agent, 
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ol weapons In either case 
the 


Government or an 


communication must be by 


authorized 





and, in view of the establishment 
“gray area”’ information relating to 
peaceful uses of atomic 


energy per 


haps further statutory tec! niques will 
the less sensitive 
However, there 


prohibiting 


have to be devised for 
areas of information 
is nothing in the 

the 
tractor to com 


Commission from ain a con 
Restricted 
Data under Commission super ion 
Information on peaceful use Un 
144a. the ( 


iuthorized hb 


der the terms of Se 
mission the 


President to trans 


can 
mit to another 


nation information genera relating 
to the peaceful uses of atomic energ 

pursuant to the tern f an 
The 


authorized to be comn 


igreement 


for cooperation ubiect matters 
unicated 
(a) refining, pu 


tion ind 
quent treatment 
(b) reactor deve 
tion of 
health and 


other applications of 


special 


ifet indu ind 


itomic energ for 


peaceful purpos nd (f) research and 


development relating to the foregoing 


To be sure that sensitive information 


on how to construct itomn veapons 
is preserved, the section pro 
hibits Restricted 
Data relating to desiy r fabric 
Area ol 


broadened in the 


communicati 
ito! 
of atomic weapor com 
munication have beer 
Act 
inclusion of the fourt! 
health and safet. 


other applications of 


the former b the 


ind fifth iten 


new VLs-a-1'1 


industrial and 


und 


itomic energy for 
peaceful purposes 
Any such agreement for cooperation 
has to go through the procedural 
123 
Information on we 
144b, Restricted 


mutual defense 


tep 
set forth in Se 
1pons Un 
Data 


ler Sec 
needed for 
planning 
of personnel in use of 
against 


atom eapons r for 


evaluation of the atomic-we apon poten 


tial of possible enemie can be tran 


mitted to another nation or to 
regional defense 
first time, the 


the Department of 


ganization 


Presict It «an 
Defensa 
assistance of the Commi 


the external chara 


W810 
weapons, including 
shape, yields tems 
employed in deliver 
To be sure that 
the 
weapons 
that relates to or 
fabrication of such » 
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not 


grant a 


reveal inner! ecrets of oul 


tricted Data 
the 


disclosur 
design or 


pon pro 


ol a 


hibited. Other limitations ar 

the nations or organizations recei 
information must be making a 
tinual substantia) and material c¢ 
bution to the mutual defense 
security 


144b 


sions deserves sper ial mention 


One aspect of the Sec 


regional defense organization to 
such restricted data may be 
cated which 


defens 


comm 
must be 
the 
pursuant to an 
Hence, it 


regional defense organizations that thi 


one in 
involved in mutual 


security international 


arrangement is only those 
country has joined pursuant to a treaty 
an international agreement that 
both houses of 


eligible to rece 


or to 
has heen approved by 
Congress) that are 


information under this sectior 


INTERNATIONAL 
ATOMIC POOL 
When the 


lative proposals to the Congres he 


President sent his 
specifically stated that legislation en 
atom 


later time 


abling an international 


pool 


would be submitted at a 


However, the Joint Committee and the 


Congress chose to go further and « 
press general legislative approval of 
the President’s pool plan. 

that 


national atomic pool should be treated 


Some members felt the inter- 


just like a nation, and they desired to 


permit agreements tor cooperation 
with the pool in just the same way that 
agreements for 


mitted 


cooperation § are 
Phe 


based their 


with another nation 
members who felt this way 
opinion on the adequacy of the pro 
the 

| 


materials and Restricted Data alread 


visions for protection of the 


written into the law 


On the other hand, there were em 


bers who, while generally favoring the 


international atomic pool, wanted to 


retuin Congress's ht to examine 


rig 


specifi details of any such 


propo 
and to approve oO! disapprove of 


too indefinite 


specific arrangements thor 
that the pool plan wa 
blanket ( 
proval of our participation at this t 

The 


in the 


warrant a 


Oongressionai 
provisions nail 
Atomik 
stitute a 


Incorpo! 
Act of 1954 
both if 


kinerg 
combination of 
They draw their pattern from the p: 
visions for the communication 
stricted Data to 
organizations under Sec 

124 that 


national atomic pool must first b 


regional 
the 


Sex provides 


up by an international arrangement, 


which, as has been pointed out previ- 


ously in the case of regional defense 


organizations, requires specific Con- 


gressional approval. However once 
the international atomic pool is estab- 
lished, cooperation with that pool can 
be accomplished under the statutory 
lramework Io! 
For « 
pool might first be established only to 
the Restricted 
Data authorized to be communicated 
144a 


found desirable to expand that scope 


agreements for cooper- 


ation xample, the international 


disseminate classes of 


by Sec 


Later on, it might be 
to include the transfer of materials and 
facilities Under the law that expan- 


could be accomplishe d without 
full 


al all Ove! 


s10n 


requiring formal Congressional 


appro again, by using the 
less formal agreement for 


further, that 
the provisions of Sec. 144a should later 


cooper- 


ition route Suppose 


be enlarged to include other areas of 


Restricted Data, then again that ex- 
tension could be accomplished with re- 
the atomic 


spect to international 


pool by a further ‘‘agreement for 
coopel ition 


Now let me 


language of Sec 


analyze the exact 


124. That 


section 


starts by pro iding 


Atomic 


authorized 


Sec 124 International 


Pool The 


to enter into an international arrange- 


President is 


ment with a group of nations provid- 


ing for international cooperation in 
the nonmiulitary applications of atomic 


energy 


Of course, the right of the President to 


negotiate treaties or executive agree- 


ments that are approved by Congress 
and hence become law in this country 
flow 


grant of powel 


the ¢ 


does not from any Congressional 


That 
onstitution 


power flows 


The 


international ar- 


irom provi- 


sions Of Aan such 
der the terms of Sec. 121 


the Act 


ipproval is 


rangement, un 
supercede the 
Hence il 


j 
received in the 


provisions ot! 
Congressional 
ippropriate manner 


the President will be enabled to set up 


pool 


deems desi 


an international atomic based on 


any principles he rable 
Se 124 continues 


thereafter 


und he 


that 


may cooper- 


ate with group of nations pur- 


103, 


however, 


suant to sections 54, 57, 64, 82, 


104 or 144a 
that the 


provided 


cooperation is undertaken 


pursuant to an agreement tor cooper- 


ation entered into in accordance with 


9° 


a0 


section 
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Thus, the President might establish 
the whole program for the international 


desired. He 


might also only establish a small part 


pool at once, if he so 
of the plan, leaving the remainder to be 


implemented under agreements for 
cooperation 

I believe that, giving due weight to 
all the 
volved in establishing this new and fine 
idea of 


the international sections fairly 


important considerations in- 


an international atomic pool, 
and 


adequately meet the present situation. 


OTHER CONTROLS 
While 
provide the main basis for permitting 


agreements for cooperation 
those who are subject to the provisions 
of the Atomic Energy Act of 1954 to 
participate in activities abroad, there 
other which I 


are still provisions on 


should comment 


Production Abroad 

The provisions under which anyone 
can directly or indirectly engage in the 
production of special nuclear material 
abroad are set forth in Sec. 57. Under 
the provisions of Sec. 57a(3)(B), the 
Commission may permit such direct or 


indirect production: 


B) upon authorization by the 


Commission after a determination 
that such activity will not be inimical 


to the interest of the United States.’’ 


The old Atomic Energy Act of 1946 
had a flat prohibition against any such 
production of 
This 


prohibition was thought so broad as to 


participation in the 


special nuclear material abroad. 


prevent the giving of unclassified lec- 
the 
material, or even on nuclear 


tures on production of special 
nuclear 
physics. It had also been interpreted 
by some as prohibiting the advertising 
abroad of unclassified equipment used 
n connection with reactors. 

While 


ably prove harmful to the interests of 


such activities could conceiv- 


the United States, many of these activi- 
ties can do no harm, and might gener- 
ally help create international good will 
and encourage American industry to 
There- 
Commission the 
the direct or in- 


enter the international market. 


fore, the was given 


authority to permit 
direct participation in the production 
special nuclear material abroad when 
found such activity would not be 
il to the interests of the U.S 
Che Commission is given permission 
instead of 


to issue authorizations 
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Industry's Role 


with respect to the 
furnishing of equipment, facil- 
(other 
materi- 


and materials 
special nuclear 
als), United States 
will play a major role in im- 


ities, 
than 
industry 


plementing agreements for co- 
operation 
“ . . . It was the intention of 
the Commission that all agree- 
with 
other governments shall pro- 
supply 
services, 
than 


ments for cooperation 


vide for industry to 
facilities, 
(other 


equipment, 
and materials 
nuclear materials) to 
the extent that such activities 
fall within the scope of the 


particular agreement."’ 


special 


AEC testimony before 
Joint Committee, Feb. 4, 1955 











licenses for this type of activity because 
of the differences in the locations of the 
activities. A Commission license only 
extends to activities within the juris- 
United States, It not 


only permite the grantee to engage in 


diction of the 


the proposed activity, but it cannot be 
overruled by any other agency of the 
United States (except on appeal to the 


cause). An 


Commission 


contested 
the 
means that insofar as the Government 


courts In a 


authorization by 


of this country 1s concerned, a& person 
subject to its laws is permitted to en- 
gage in the specified activity abroad, 
but the 
where the activity be conducted 


whether the laws of nation 
will 
will permit such an activity is another 
matter. It is possible that they might 


prohibit it altogether, 


Source Material 
While the Commission is authorized 
to distribute 


pursuant to an agreement for coopera- 


source material abroad 
also so distribute source 
that 


will not be inimical to the 


tion, it may 


material upon a determination 
such activity 
interests of the United States (Sec, 54). 

Source materials are not as sensitive 
as special nuclear materials, and hence 
the statutory control 


Thus, an 


licensed to export such materials if, in 


need not be as 


rigid person may be 


the opinion of the Commission such ex- 


port will not be inimical to the common 
defense and security or the health and 


safety of the public 


Byproduct Material 

With respect to byproduct materials, 
the Commission has similar leeway. In 
addition to being allowed to distribute 
byproduct materials abroad pursuant 
to an agreement for cooperation (See 
82a), two other 


the Commission has 


alternatives at its command 


1, It 


byproduct material outside the United 


can authorize distribution of 


States upon application therefor except 


where such distribution would be 


inimical to the common defense and 
In permitting any distribu 


the 


security 


tion abroad, Commission is re 
quired to follow the same standards 1s 
it follows in distributing the material 
United This 


vision is designed to make the Com 


within the States pro 


mission treat all persons receiving such 
without 


material on the same basis 


preference one way or the other 
2. The 


licenses to 


Issue 
the 


Commission can also 


others to distribute 
material outside of the United States 
although such licenses must be issued 
to the distributor on the same busis as 
that dis 


the 


it would issue a license to 
within 


the 


tributor for distribution 
United 


mission is given no authority over the 


States. However C'om- 
prices that the distributor may charge 


for the material 


Component Parts 

In addition to permission to license 
the export of component parts of facili 
ties outside of the United States pur 
suant to an agreement for cooperation, 
the Commission is also permitted to 
issue licenses for the export of compo 
nent parts if the Commission deter- 
mines that each such export will not 
constitute an unreasonable risk to the 
common defense and security. 

“ee 
It has been said that the Commiasion 


will have to construe the new law imagi 


inter- 
But I 
international 
will 


depend only on the sympathetic reading 


natiwely to foster healthy private 


national atomic relationships 


believe that success of the 
regulations outlined in this article 
of the precise statutory provisions con- 
tained in the Atomic Energy Act of 1964 
This applies not only to the Commission 
to deal with 


international 


but also to those who have 
the Commission in the 


field, 
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Correction Factors 


Attenuation of epicadmium neutrons by cadmium covering 


for Cd-Covered-Foil Measurements 


By D. H. MARTIN 
Nuclear Enaines 
North American 


Downey, Ca 


Cadmium-covered 
monly used in neut 
experiments to deter! 
the cadmium cut-off 
0.4 ey In co 
they may uals 
thermal flu 
cadmium cut-of 

A correction fac 
to account for 
epicadmium neutron 
A method of measuri 
scribed by Kunstadter 
irradiating cadmium-« 
different thicknesses of « 


plotting theu sctivithe 


vMimium co 
and 
thickness on el 


The extrapol ition oO the traight-line 


paper 
tail of the curve to zero cadmium thick 
neas permits an iluation of the cu 
tomary correction factor, which is the 
extrapolated activi it zero thicknes 
divided by the 
cadmium thickn 
Tittle (2) give " 


several experin nter 


t of the re 
who have 
ured this same factor with indium foils 
The divergency of these result 

tributed by Titth 
thickness, but may be due to the va 


» ciflerences 
of sources, media, and fol 


was felt that as irement of 


52 


rection factor under the conditions met 
if this labor bor 
In addition, thi 


with in foil exposure 
would be desirable 
presented an opportunity to make con 


sistent measurement while varying 


parameters such as foil size, thickne 


and cadmium ratio 


Description of Experiment 

The cadmium-covered foils were 
posed in groups of five or six by pl 
them on a rotating aluminum disk that 
was inserted into one of the removablk 
of the North Ameri 


can Aviation water-boiler reactor Ihe 


graphite stringers 
disk, approximately 10 em in diameter 
driven at about 20 


effect of 


is chain rpm te 


eliminate any positioning 


the foils 


Runs were made with the disk in tw 


positions | im the center 0 the 


) 


tringer, and (2) about 30 in. from the 


center The cadmium ratios for 0.005 
in.-thick indium foils at these two points 
about 6 and 16 
When the foils were in the center of 


epul ited Dy 


were respectivel 


they were 


stringet 


2 im 


ol gi iphite Iron 

pherical core of the reactor 
Cadmium covers 0.005-0.090 
thick were 
and 0.020-0.090 tn. thick 
All foils were 


three to five end-windo 


used with the indium 
with the 
foils counted in each of 
vy beta counters 
Statistical counting accuracy of ab 
0.1% 
As a 


admium flux perturbation was investi 


was Obtained in most case 


preliminas neck the epi 





vated by measuring the effect of other 
nearby cadmium boxes on the cadmi- 


This 


comparing the activity of a 


um-covered foil activity was 
done b 
cadmium-covered foil both with and 
cadmium boxes in the 
icinit No effect was detected 

Although 


the flux perturbation below cadmium 
cut-off caused b 


without other 


secondary importance, 
the cadmium boxes 
was checked to determine whether the 
thermal flux in this would be 


affected 


region 


eriousl) Several bare in- 
dium fous were exposed on the disk 
tlong with a 0.090-in. cadmium box. 
The resulting thermal-flux depression, 
idently too 


is indicated by Fig. 2, is ev 


mall to have a significant effect on the 
measurement since the thermal-neu- 


tron activation i small correction to 


idmium-covered foil measurements 


Results 
\ y i i curve ol 10 
sctivity VETSUs 


saturated 
thickness of cadmium 


covering is shown in Fig, | 


As may 
).030-in. 


be seen the points above 


cadmium thickness he along a straight 
ittenuation 
The 


activity 


line, which represents the 


of the epicadmium neutrons 


ratio between the relative 
when extrapolated back to zero cad- 
mium thickness and the relative activ- 
ity at a given cadmium thickness pro- 


vides a correction factor, F so that 


Any. (1) 


where A, ' is the corrected 


epi- 


cadmium activity or the activity of a 
bare foil due to epicadmium neutrons, 


and Az, 


itv of cadmium-covered foils 


is the total or measured activ- 
Values of Fey are given for indium 
in the table 


).040-in, cadmium permit comparison 


and gold foils Values for 


with earlier work. An error of +1% 
had been estimated for our values of 
Fea, although the consistency of the 
better than this 
liffer by more than the 


data is considerably 
The new values 
estimated error Kunstadter’s 


value of 1.150 


Irom 


however, within the 


limitations of our experiment, varia- 


tion in foil thickness, foil area, of 


cadmium ratio do not seem to account 


for this difference 


Thermal-Neutron Leakage 


For cadmium below about 


0.030-1n 


covers 
an additional small 
should be 


thickness 


made due to the 
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FIG. 2. Depression of bare-indium-foil 
activity in vicinity of cadmium box with 
0.090-in.-thick walls 


“subcadmium” 
this, the 
straight-line portion of the curve for 
foils (Fig. 1) 
from the total activity; the result is 


leakage of thermal, or 
neutrons. To evaluate 


indium was subtracted 
shown in Fig. 3. 

thickness 
a bare-foil 


The point at zero 
is obtained from 
The fact 
that the curve does not seem to ap- 


cadmium 


measurement. 


FIG. 3. Thermal-neutron activation of 
cadmium-covered indium foils 


proach this point may be because, for 
the 
cadmium in the edges of the boxes was 


structural reasons, amount of 
not proportional to top and bottom 
thicknesses. 


mation, however, the neutrons separate 


To a reasonable approxi- 


into two groups, epicadmium and 


thermal, each being attenuated in an 
exponential manner 





Correction Factors for Use with Cadmium-Covered Foils 


Foil weight 
he searche 


Indium Foils 
W ilker 


Dacey, el a 


tush 
Kunstadter (/ 
Martin 


Foil Rize 


(ma /cem cm) 


Correction 
factor for 
Cd ratio O040-in 


approz.) Cd 


Water 
Water an 
solution 
Water 
Graphite 
Ciraphite 
WBNS 
Graphit« 
WBNS 
Crraphite 
WEBNS 
Graphite 
WBNS 
Graphite 
WBNS 
Graphite 


WBNS 


Graphits 
WBNS 
(sraphite 


WEBNS 
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the 
thinly 
thermal-neutron 


epicadmium 
foils, the 


activation of cad- 


To obtain true 


activity for covered 


mium-covered foils, A’ 


resented in Fig. 3, should be subtracted 


which is rep- 


from the total cadmium-covered activ 
ity, A! 
F, ,, applied 


, before the correction factor, 


1 
AS. the thermal part of the ead 
mium-covered foil activity, is 


tional to A‘*, the 


activation of a bare foil 


propor - 
thermal-neutron 
so that 


ts , 
10 \ 1), 


where X is a proportionality factor de 
pendent only on the cadmium thick 
From the data of Fig. 3, X is 
0.002 for a cadmium thickness of 0.020 


in. Equation 2 can thus be written 


Ness. 


Ages «= (AT, — XA*)Fo, (3) 


the 


the difference between 


Since the thermal part of bare 
foil activity is 
the total bare-foil activity and the epi 


cadmium part of the bare-foil activity 


AS Aj : AX ' 
X AF, ‘ 


Solving for 


Af Ai KF, i 


(4) 
l YP oa 


th 
A; 


and, conversely, the epicadmium part 


of the bare foil activity is 


Ag = Ap — A, 
At, — XAZ 


rete 


Fea and X 


tand 5 give accurate ex 


With 
known, Eqs 


the constants 


pressions for the foil activity due to 


thermal neutrons and foil activity due 
to epicadmium neutrons in terms of a 
bare and a cadmium-covered foil meas- 
Since X is 


urement usually too smal! 


to be significant, kg. | can be used 


instead of llowever, for 
0.020-in or 


be important, in 


thinner cadmium, X may 


particular for high 


cadmium ratios where Aj is much 
larger than A? 


* * * 


This work 
for the fl 


conducted 


mon 


is based upon studic 


\lomic Energy Commi 
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Specific-Activity Determination 
with Beta and UV-Photon Counter 


By T. D. PRICE and P. B. HUDSON 
Departments of Biochemistry and Urology 
and the Institute of Cancer Research of the 
Columbia University College of Physicians 
and Surgeons 

and Francis Delafield Hospital 

New York, New York 


Unequivocal determination of the 


specific activity (radioactivity per unit 


weight) of a compound initially present 
in admixture with other compounds is 
radioisotope 


a common problem in 


tracer studies. Conventional criteria 


of chemical purity may fail to reveal 


minor constituents that represent ex- 


treme contamination irom a radio hem- 
contamination 


Such 


ical standpoint 
is generally obvious, however, if the 
constancy of isotope concentration of 
fractions of 


the compound in serial 


a separating system of high resolving 
efficiency be evaluated quantitatively 
Papergrams developed with appropri 
ate chromatographic solvents o1 
after drying, 


tem with 


electrophoresis are, 
immobilized separating sy 
deposits that can usually be measured 
an ilu 
Fach developed 


compound in a 
papergram is characteristically dis 
tributed through the paper as a nearly 
circular spot or as a line parallel to the 
baseline (1, 2), depending on how the 
The 


along 


mixture was applied to the paper 
distance across the circle or line 
the straight lane of transit 
5-50 mm, and it is this distance that is 


is usually 


appropriately subdivided for measure 


ments. Serial fractions may be de 
lineated by a lead or platinum mask 
with beta 
radiation from compounds in the paper 
and light radiation transmitted from a 
lamp through the paper. If the radio 


active compound under study al 


appropriate aperture for 


wor bs 
ultraviolet light, or can be caused to 
do so by a reaction in the paper, all 
! clio 


measurements for evaluating 


chemical and determining 


specific activity are 


purity 
easily made by 
using a counting tube with gas phase 
sensitive to beta radiation and cathode 
iia 


sensitive to ultraviolet photon 


tion. The equipment used is shown 


in Figs. 1-4. 


Determining Radioactivity 


mensuring radio 


Procedures used for 


activity of compounds in chromato- 
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FIG. 1. Beta-photon counter, as single 
unit, measures radioactivity and light ab 
sorption at same area of papergram 
Photovolt 52A transmission-density unit for 
chromatograms contains 4-watt low-pres- 
sure mercury lamp and light aperture with 
shutter in platform below papergram 
Polyethylene-coated lead mask aids in 
placing paper and defines effective aper- 
ture for transmitted quantum radiation and 
emitted beta radiation. Vertically ad- 
justable hollow arm with sliding filters 
of beta-opaque quartz and ultraviolet- 
opaque gelatin film supports detector. 
Since photon counting rate may be high 
over blank paper areas, G-M tube is 
plugged into cathode follower to maintain 
uniform pulse height. Transparent plastic 
tube supplies helium-butane (98.7:1.3) 
counting gas. Counting-rate meter has 
4 ranges of 5, 50, 500, and 5,000 cps, 
full scale, corresponding to densitometry 
transmission readings of 0.1, 1.0, 10, and 
100%, and optical densities of 3.0, 2.0, 1.0, 
and 0.0 


FIG. 2. Modified unit uses separate beta 
and photon counters attached to scaler and 
ratemeter, respectively, for measuring same 
masked areca of samples of low-intensity or 
low-energy betas 


grams are similar in many respects to 
those developed by other investigators 
6) 

Chromatograms are prepared for 
measurement by ruling a straight line 
If all com- 
the 


guide line is aided by preliminary rapid 


along the lane of transit 


pounds are invisible, centering 


scanning for ultraviolet absorption (2) 
or radioactivity The line is graduated 
with ruler and pencil at appropriate 
The 


in a mask of polyethylene-coated lead 


intervals rectangular aperture 


is centered over the area of interest by 


the with lines in- 


Beta radiation 


ruled line 
mask 


aperture 1s 


aligning 

scribed on the 

traversing the measured 

with one of the units shown 

The most suitable measuring assem- 
(Figs. 1-3) 


of beta-emission characteristics of the 


is selected on the basis 


its distribution in the paper, 
the 


Subjective errors and random counting 


sample 
and objectives of investigation. 
minimized by 


the 


errors are using a con- 


tinuous recorder with ratemeter. 
Alternatively 
Chromatographic paper is eminently 
measuring beta 
Mey 0 


is Colpara- 


a scaler is employed. 
suitable for emitters 
with an Ey... of 0.1 
Precision of measurement 
ble to the best that 


with samples in planchets 


higher. 


be attained 
Where the 


specific activity is to be determined as 


ean 


the average of multiple values found in 


multiple areas, individual areas may 
be counted with relatively low statisti- 
Net 


radioactivity 


cal precision, standard devia- 
the 
ments used to compute specific activity 


3%, 


tions of measure- 


in Figs. 5 and 6 are 1% and 


respectively. 


Determining Amount 


the 
rate meter, in evaluating the amount 


Applying uv-photon-counting- 
of a light-absorbing compound in paper, 
differs little from application of con- 
ventional photometers operating on a 
current-metering basis (7). Differ- 
ences in technique take advantage of the 
phenomenal sensitivity of the photon 
a selective 
that 


counter and, where useful 
the 


mits limiting response to light of wave- 


wpect ol sensitivity per- 


le ngth absorbable by the compounds 


The tech- 


niques are described in a detailed report 


under investigation new 
?) and were designed specifically for 
evaluating the amount of a compound 
per umt area of paper as required in 
specific activity determination 
Areas along the graduated line are 
set off by the same lead-mask aperture 


employed in the radioactivity measure- 
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WAN/ZEE- 


A “hin ge” 


THE SOLA-FLEX BELLOWS shown above give 
flexibility to a 36 inch hot air line in a 
facility for engine testing. Operating at 
temperatures up to 650 F and pressures 
ranging to 150 psi, this Solar-built 
expansion joint allows both angular and 
lateral movement of the connecting 
piping system while conducting air at 
tremendous velocities. 

Solar is skilled in custom designing 
expansion joints and convoluted coup- 
lings. Sola-Flex bellows are made in 
many shapes, and in sizes up to 28 feet 
in diameter--the world’s largest. They 


are fabricated of stainless steels and 
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Marquardt photo 


or hot ar 


other high alloys to cope with stringent 
conditions of temperature, pressure and 
corrosion 

If you are faced with difficult piping 
requirements in a power plant or other 
nuclear processes, let Solar help you. 
Consult a Solar engineer, or send for a 
Sola-Flex catalog, today! 


SOLAR 


AIRCRAFT COMPANY 


DESIGNERS DEVELOPERS ANG MANUFACTURERS OF METAL ALLOY PRODUCTS 





This is What 
Solar Offers You 


Solar specializes in the 
manufacture of precision 

products from alloys and 

special metals for severe serv- 

ice. Solar’s experience since 1927 ts 
unduplicated in this field. Solar skills 
and facilities range from research, de- 
sign and development through to mass 
production. Wherever heat, corrosion 
or dificult specifications are 
lems, Solar can help you solve them 


prob- 


PLANTS. In San Diego (Photo above) 
and Des Moines. A total of 1,400,900 
sq. ft Approximately 
5,000 employees 
$65,000,000 


floor space 


Annual sales over 


EQUIPMENT. Production equipment 
for all types of metal fabrication 

forming, machining, welding, braz 
ing, casting, coating, Extensive lab 
oratory and testing equipment 
Facilities for development, prototype, 


limited or mass produc tion 


SERVICES. Research, design, devel 
opment, tooling and production engi 
neering staffs. Experienced with all 
alloy steels, stainless elloys, super 
alloys, and titanium and its alloys 
Government source inspection and 
Solar quality control meet rigid air- 


craft and commercial standards 


CONTRACT PRODUCTION 


Current orders include aircraft en 
gine and airframe parts, alloy cast 
ings, pneumatic ducting, atomte 
energy components, Customers in 
clude some of the most honored 
names among aircraft and industrial 


companies in the U.S. and Europe 


SPECIAL PRODUCTS 


Bellows. “Sola-Flex"® 
bellows and expansion 
joints in many designs 
% in. up to the 
2a tt 


from 
world’s largcet 


in diameter 


Ges Turbines. Solar “Mare” 50 hp 
engines for auxiliary generator sets, 
portable fire 

500 hp engines in 


ground carts 
Solar “Jupiter 
ind constant speed models 


pumps, 


variable 


Ceramic Coatings. “Solaramic’® 
is the Solar trade mark for a family 
of coatings that protects metals from 


heat, corrosion, galling and abrasion 


Controls. Complete control systems 
utilizing the new Solar “Microjet”’® 
principle for control of gas turbines, 


jet engines and pneumatic devices 


ed 


FPURTHER INFORMATION 


Your inquiry regarding any Solar 
product or service will 
receive prompt attention. Address 
Solar Aircraft Company 
Department A-75 
San Diego 12, California 
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FIG, 3, 


following graduations ruled on paper with pencil. 


With most papergrams, measured area can be satisfactorily reproduced by 


To measure weak beta activity, one 


can use end-window counter (left) or windowless gas-flow counter (right) manipulated with 


tracing machine. 


Flow counter is same as in Fig. 4 with window removed and enclosed in 


transparent plastic chamber for continuous preflushing; like other flow counters (3), it 
provides extreme sensitivity for measuring ionizing radiation 


FIG, 4, 


Beta-photon counting tubes are Tracerlab TGC-2 tubes modified for entry of 


photons and betas (2) and for continuous flow of counting gas, which appears to give 


greater stability than earlier photon counters (4, 5). 


Stainless-steel cathode provides 


greater sensitivity in far ultraviolet than does ordinary chromatographic electronic 
photometer (2); sensitivity is increased thousandfold by inserting copper, aluminum or 
platinum cylinders so as to contact spring cathode lead with (left) or without (right) steel 


cathode, 


permitting isolation of 254-my mercury line of commercial germicidal lamps. 


Copper-cathode spectral sensitivity (2) terminates at long-wave limit of 263 my, 


Of greater 


sensitivity and almost the same quantum specificity are carbon cathodes of Tracerlab 


Aluminum cathode, 


TGC-2 tubes. 


monochromator 


ous 


Liter 


ment. For all but the most rig 
requirements, th rea ma 
be delineated by an identical 


hight 


natively 
aperture in the platform of the 
chromatogram 


box supporting the 


The lamp is turned on and intensit 
adjusted so that the ratemeter is zeroed 
for density at a blank area of the paper 
A full-scale deflection on the least 


Le » O00) photo 


tive scale, 
with the unit of Fig. 1, is c 
chosen for zero densit 

gram is advanced from on 
to the next, and densit 

on a continuous recorde: 
Amount 


corre sponding 


on graph paper 
absorbing compound 
dete 


a measured optical density 1 


mined by reference to 
concentration-densit 
While the absorption 
matic light by compound 
grams is reproducible to within | or 2% 
mean deviation, the linear density-con 


centration relationship typical for ab 


56 


210-400 my sensitivity, is used with ultraviolet 


es not 
{ more 


Variables 


sorbers in transparent media cd 
obtain in a medium of papet 

complex function of optical 
(8) is related linearly to concentration 


(iy 


Specific Activity 


Radiochemical contamination of 


j 
compound is usua 


light-absorbing 
ipparent immediately, as the radio 
activity curve is plotted, and compared 
with the density curve (hig. 5 Actual 
calculation of specific activity of 
compound In successive areas pro 
however, the most crucial test for) 
chemical purity. To do this, the cy 
for each area of paper containing com 
amount 


With great 


care and special chromatographic tec! 


pound is divided by the 


compound in the area 


nique, precision oO ibout 2% mear 


deviation results for specific activit 


values at successive areas of a pape! 


chromatogram occupied by a 


pure 


radioactive, light-absorbing compou! 


Precision of +5% mean deviation re- 
sults without spec ial technique 8 or cor- 
this 


purity is 


rections. Conformance with 


criterion ofl radiochemical 
established if the experimental! specific 
activity values of a compound in sue 
cessive areas are constant within limits 
of experimental error. 


In Figs 


ity value is 


5 and 6, each specific activ- 
plotted on an ordinate scale 
from the first meas- 


The 


on the 


against distance 


ured point along the abscissa. 


great effect of a contaminant 


ipparent specific activity is shown in 
Fig. 5. In Fig. 6 the 


straight horizontal lines, with deviation 


values define 


of individual points not exceeding 


limits of experimental error. Though 


radioactivity levels of compounds in 
the latter 


low and 


chromatogram were very 


separation was incomplete, 


the ordinate values of the horizontal 


lines are readily recognized as specific 


activity values of pure compounds. 
They may be compared quantitatively 
with each other and with values simi- 
larly determined on any compound 
labeled with the 
agreement 
workers (1/0), the 


same nuclide. In 


with findings of earlier 
speciic activity ol 
nucleotide “a”’ isomers is 


always the same 


Discussion 
Four have 


been observed by routine application 


ypes ol contamination 


of the beta-photon counter to radio- 





Specific Activity 


Sctivity (com) 


ps2 





4 
Distance (cm) | 


| 
0 | 
| 








Radiochemical contamination of 
compound by non- 


FIG, 5. 
ultraviolet-absorbing 
absorbing impurity 
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VITRO specializes in applying science and and research have come outstanding commer- 
technology to business. cial and industrial developments. 


For instance, VITRO’s engineering of com- 
plicated processes and facilities has involved 
novel solutions for such difficult problems as 
extreme toxicity, radioactivity, remote automa- 
tion, handling of sensitive chemistry and thermo- 
dynamics. 


VITRO’s chemists, physicists and engineers 
work and think, not in isolated ivory towers, 
but in the world of business. Their efforts are 
directed to better ways of doing things, and 
developing new things to do — products and 
processes for which markets exist or can be 


developed. Examples are uranium diffusion plants, 


plutonium and titanium production facilities, 
VITRO talks the language of business. From biological warfare laboratories, nerve gas plants, 
its rich background in engineering, processing and other intricate processing installations. 
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VITRO URANIUM COMPANY processes uranium ores on the Colorado Plateau for the Atomic Energy Commission 
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VITRO LABORATORIES conducts chemice! and physical research and develops processes and systems 
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FIG. 6, 


Radioactivity, optical density and specific activity of compounds deposited at 


identical areas of papergram; isomeric adenylic and guanylic acids from nuclei and 
cytoplasm developed in two lanes of same paper 


active light-absorbing compounds in 


papergrams developed by chromatog 
raphy and electrophoresis 

1, Radioactive 
taminant that travel 
pound leaving trail of 


nonabsorbir gy con 
ahead of 


radioactivity 


Com 


along lane of transit 
2. Radioactive, 

taminant 

overlapping but not 


nonabso! bing con 


with compact distribution 


coinciding with 
compound (Fig. 5 
3. Radioactive, absorbing contami 
nant with activity ratio diffe: 
ent from that of the expected compound 
4. Nonradioactive 
contaminant. 


density 
absor bing 


These arbitrary categories of con 
tamination were found on application 
of chemical separation procedures con- 
ventionally used in preparing 
ribonucleotides from polymerized ribo 
While a healthy skepti 


cited 


pure 


nucleic acid. 
cism of specific activity values 
without 


purity is nothing new among responsi 


criterion of radiochemical 


id metab 
that the 


ble investigators of nucleic a 
olism (11-13), it 
semiquantitative 


appears 
criteria deseribed 
previously will often fail in detection of 


radiochemical contamination Chus 


the method whereby ultraviolet photo 


graphs are compared visually 


radioautographs (11, 12) would require 


virtually unattainable 


technique and subjective discernment 


Semiconductor 


with 


photographic 


to reveal instances of contamination 
encountered in this laboratory (e.g., 
Fig. 5) and clearly delineated with the 
beta-photon counter 

This methodology for determining 
has been applied for 

It is the method of 


choice even in conjunction with sepa- 


pecifie activity 


nearly two years 


rations where contamination has never 
Thereby 
igainst error due to external contami- 
ed for 


been observed a safeguard 


nation is pro. each 


activity 


specific 
Except for 
very weak radioactivity, 


determination 
compounds of 


the method is faster than other 


procedures. 


Thia work was 
liomic Energy contract 
17 $0-1)-1119 Photographs are by Ed 
ward R. Hajjar and Milton Kurtz, Depart- 
ment of Photography, Fran Delafield 
Hospital 
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Commission unde 
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Fast-Neutron Dosimeter 


By BENEDICT CASSEN, THOMAS 
CROUGH, and HERBERT GASS 
Atomic Energy Project 

School of Medicine 

University of California 

West Los Angeles, California 
collaborators 


Lark-Horowitz* and 


have shown that the electrical conduc 


tivity of certain semiconductors, nota- 


bly single crystals of germanium, is 


appreciably modified by fast-neutron 
bombardment and only slightly modi 
fied by intense gamma radiation (lat 
’ Nucleon 


ors Purdue 


Irradiat« 
Universit 


Reading Conference, Jul 


tice dislocations can only occur appreci- 
ably by germanium-atom recoil from 
photoelectron ejection; the recoil energy 
is small compared with the photoelec- 
trically absorbed energy). Our study 
was undertaken to determine whether 
or not the effect in germanium single 
used for 


crystals could be measuring 


certain properties of a fast-neutron 


flux, especially in a mixed neutron- 


gamma field. 

The practical limits of sensitivity, 
initially unknown, depend, among 
other factors, on the precision and re- 
producibility of 


resistance measure- 


ments, the initial purity, and the 


optimum bath temperature and its re- 
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now available for NUCLEAR work 


graphite for the Spectroscopic field 


Ultra high purity graphite specifical- 
ly compounded for nuclear work can 
now be supplied in quantity to your 
particular purity and dimensional 
specifications. - 
Whether for thermal columns, reac- 
tors or processing equipment, UCP 
ultra high purity graphite can meet 
your needs. United Carbon Products 
Co. offers you their years of experi- 
ence in manufacturing ultra pure 


... plus their exclusive purification 
process as quality safeguards on 
which you can depend. 

UCP ultra high purity graphite can 
preserve a high degree of neutron 
economy in your work. Our extensive 
facilities for testing the purity of 
graphite are at your immediate serv- 
ice. Write for complete details and 
quotations on your specifications, 


“Guardian of Neutron Economy” 


UNITED CARBON PRODUCTS CO., INC. 


FACTORY AND OFFICES + FIRST AND NORTH MADISON STREETS + BAY CITY, MICHIGAN + MAILING ADDRESS + POST OFFICE BOX 269 + BAY CITY, MICH 
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producibility during resistance 
measurements. 

First attempts showed that a fission 
spectrum having a fast-neutron sulfur 
flux of the order of 2 * 10"' and higher 
would effects 
However, the spread of conductivity 
change in a group of crystals with the 


produce measurable 


same exposure was, at that time, un- 


comfortably large. A large proportion 
of the 


effects when the polarity was changed 


crystals showed rectification 


in d-c resistance measurements, Later 
a new germanium ingot, with improved 
methods of preparation and measure- 
ment, showed no measurable rectifica- 
tion effects. 

The copper leads are fastened to the 
with soft solder. At first 
were plunged directly 
cold bath for 


crystals 
these crystals 
into a suitable 
ment. 
to eliminate errati: 


measure- 


Slower cooling Ware necessary 


behavior due to 
cracks in the crystal caused by thermal! 


shock. 


Germanium-Strip Preparation 


A germanium ingot, purified by zone 
melting and crystallized in a thermal 
gradient as a single crystal, is sliced 
into 0.030-in.-thick slabs. The slabs 
are cemented to a backing and cut with 
a thin abrasive wheel into strips 0.080 
After re- 


washed 


in, wide and 0.160 in. long 


moving the cement, they are 


and ready to have leads soldered to 
them. Machining burrs are 
with 400-600 grit sandpaper 

After micrometer measurements, the 
lightl, 


Zire 


removed 


touched ti it 
chloride 
pool ot hot 


crystal ends are 
blotter 
and then drawn across 
50/50 solder in such 
a smooth investure of 


containing flux 
a Way as to leave 
older adhering 
to the whole end surface 

Individual strands of 6-mil-diameter 
copper wire are then tinned and quickly 
The 


hould permit a light 


fused into these solder investures 
junction tenacit) 
tug on the opposing wire junctions 
rejects are put aside for reprocessing 
After washing off excess chlo 
ride, the crystals with their leads are 


zine 
encapsulated see illustration 


Resistance Measurement 


To provide a low-temperature bath 
free from both viscosity changes and 


conductivity, Dow Corning silicone 


fluid No, 200 
cooled by pouring it over 


(one centistoke) was 
pulverized 
dry ice into a 1,200-ml Dewar flask 
A stirring motor maintained a tempera 
ture of about —78° C; variations were 


recorded by means of a « 


60 


opper-con- 


stantan thermocouple read on a Leeds- 


Northrop precision potentiomete: 
The thermocouple junction was en- 
capsulated to approximate the imme- 
and the 


diate crystal environment, 


reference junction was immersed in 
an icewater bath. 
holder, the 


encapsulated crystals were contacted 


By means of a Lucite 
on one end by a common plate and held 
by a spring contact on each opposite 
pole. A wire from the common pole 


and wires from each opposite pole were 


CAPSULE ASSEMBLY. Germanium crystal 
with leads is inserted in capsule consisting 
of 1-in.-long, 0.110-in.-i.d. Kel-F tube in 
which are pressed hollow rivets |4 in. long 
with 0.115-in. o.d. Solder seals capsule 
and contacts leads extending through 
rivets 


passed through a selector switch to a 
null-indicating d-c Wheatstone bridge 
resistance 
The en 
capsulated thermocouple junction was 
holder, 


leads passed to the reference junction 


arrangement by which the 


measurements were made 


also enclosed in the and it 
and the potentiometer 

Measurements were made only when 
the thermocouple indicated bath-tem 
perature equilibrium had been estab 
lished 
and 
stituted a 


crystal 


Simultaneous thermocouple 


crystal-resistance readings con 


single recording Kacl 


was read a minimum of two 
times at usuaily slightly different tem 
peratures, both prior to and following 
irradiation, 


cold 


ohms. 


Unirradiated resistances 
2, 000-4,000 


was 2 or 3 ohms for some batches 


were 
Reproducibilit 
other 
batches show long-time drifts that ar« 
understood. At 
about 40 


not yet fully room 


temperature, resistivity is 


ohm em; at our low measuring tem- 


perature, the temperature coefficient 


of resistivity is positive and has a rela- 
tively low value. 


Preliminary Results 


First to calibrate 
nium dosimeters 
Crocker 


cy clotron 


attempts germa- 
the 
This 


an external 


were made on 


Laboratory cyclotron. 
gives off, from 
beryllium target, a fast-neutron spec- 
trum with a maximum of about 20 Mev 


15 Mey 


fission-spectrum 


and a mode of about much 
higher than values. 
The Naval Radiological Defense Lab- 
had determined a sulfur flux 
had the 
first-collision rep dose as 1 rep per 
2 X< 10° flux 


of several dosimeters at each distance 


oratory 


calibration and calculated 


sulfur Average values 
fit in well with the inverse-square law, 
these 


made before the cause of previously 


although measurements were 
mentioned large erratic variations was 
determined. The averages showed no 
severe deviation from linear response 
to as high as 37,400 rep. 

After that 


seemed to reproduce their resistance 


dosimeters were made 
measurements much better than previ- 
ously, a calibration was attempted on 
the Oak Ridge National Laboratory 
cyclotron. This 
from an internal target, a fast-neutron 


cyclotron emitted, 
spectrum resembling a fission spectrum. 
The results were very much better than 
any previously obtained. Averages of 
six dosimeters for each dose could be 
fit closely with a straight line from 
about 200 rep to 4,800 rep, intersecting 
the abscissa at about 125 rep. 

The probable explanation is that the 
germanium shows slight n-type con- 
ductivity to begin with, about 125 rep 
produce enough lattice defects to trap 
electrons 
then 


which 


these Trapping of more 
leads to p-type 


follow a 


electrons con- 


ductivity appears to 
fairly linear response. Dosimeters are 
now being preexposed to about 125 rep 


to see whether a linear response can be 


obtained below 200 rep. 


There would undoubtedly be marked 
hysteresis effects in going through a 
with ow 


omplete cycle. However 


procedures, the crystal remembers its 
fast-neutron exposure indefinitely and 
is normally not reused, although some 
work is under way to reclaim crystals 
by annealing them at 450° C. 

Much more work has to be done, but 
it now appears that biologically inter- 
esting dosages of fast neutrons can be 
measured with this type of dosimeter. 


. * * 


ilomu 


AT-04-1- 


This work was done unde t Ss 
Energy Commission contract No 


GEN-12 
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DESIGNED and BUILT BY 


The new FW-5 PRECISION BALANCE, designed es- 
pecially for work with radioactive materials, incor- 
porates the basic features of the METTLER design: 
beam with constant load, single pan, 2 knife edges, 
built-in weights. Numerals of weight recorder as 
well as projection of optical scale are large enough 
to be read easily with the naked eye from a distance 
of 12 feet. 


@ One complete unit available at Hightstown N.J. for 
demonstration to interested parties. Write us today 


for further details. 


REMOTE CONTROL 


Full remote control of all weights, of 
pan release and arrest and of zero 


point. 


CAPACITY: 5 kg 


All weights to the full capacity of 5 


kilograms are built into the balance, 


READABILITY: 0.5 mg 


The optical scale is readable to 0.5 


milligrams by means of the vernier 


Full but very simple control of en- 
tire weighing operation by means of 


10 control buttons 


METTLER INSTRUMENT CORP. HIGHTSTOWN N. . 
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TRI-CARB 


LIQUID SCINTILLATION COUNTER 
for 
TRITIUM & CARBON-14 


PS ah ee 


SRE ARATE, EE OE EE BE 











COUNT TRITIUM AND CARBON-14 AS LIQUID SAMPLES 





The Model 314 Tri-Carb Liquid Scintillation 
Counter is designed to take full advantage of 
the relatively new method of counting liquid 
samples of low energy beta emitters such as 
tritium and carbon-14 in solution with liquid 
phosphors, The high counting efficiencies pos- 
sible with this method can naturally be obtained 
with the Tri-Carb Counter. More important 
though is the fact that all critical circuits are 
designed to provide maximum stability and 
reproducibility of counting. Precision discrim- 
inators provide two channels of pulse height 
analysis so that tritium and carbon-14 in mix- 
tures can be distinguished by their different 
energies and counted separately by means of 
the two built-in scalers 


The entire Tri-Carb Counter is designed as a 
single integrated instrument for maximum sim- 
plicity and ease of operation. It isnever necessary 
to manipulate samples in the dark since the 
light-tight metal sample holder is provided with 
optical shutters so that samples may be quickly 
and easily changed in normal room light. 
Tri-Carb Counters are currently in routine use 
counting large numbers of samples daily in 
research and clinical laboratories at universi- 
ties, government installations, and industrial 
organizations. They are in regular production 
and are available for prompt delivery. 

For further information on liquid scintillation 
counting, please send us a letter requesting our 
Tri-Carb Bulletin, 





PACKARD instrument co. 


P.O. BOX 428 —-LA GRANGE, ILLINOIS 
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FIG. 1. Circuit diagram 


Precision 5-10 kv High-Voltage Supply 


By LOUIS COSTRELL 
Radiation Physica Laboratory 
Vational Bureau of Standards 
Washington, D. C. 

Figures 1-3 show a highly regulated 
positive-polarity high-voltage supply 
uitable for use with ionization cham- 
The supply delivers up to 250 ya 
The drift 


bers 


at 5-10 kv in steps of 1 kv. 


FIG. 2. 
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5-10 kv supply 


over several days is about 100 parts per 
million and the stability over 10-15 
min periods is about 10 ppm for line 
Except for 
the drop in the 560k protective resistor 


voltages of 100-130 volts. 
(which can be shorted out where de- 
sired), the change of voltage from no 
load to full load is less than 100 ppm. 
Ripple is about 30 my, r.m.s, 

The supply consists essentially of a 
stabilized audio-frequency high-voltage 
supply followed by a series regulator 
tube that is controlled by 


feedback amplifier All 


filament supplies, are 


a balanced- 
voltages, ex- 
cept for regu- 
lated A commercial Tektronix type 
210B 2-ke po 

The oscillator circuit that is used in 


ver supply®* is used 

conjunction with the type 210B supply 
is essentially that used in the Tektronix 
513 


oscillator in the Tektronix oscilloscope 


type oscilloscope. Though the 
is supplied from a 330-volt unregulated 
supply, for this application a 450-volt 
regulated supply is used to give in- 
creased output and improved stability 
changes Since 


100 ma at 


against line-voltage 


the oscillator draws about 


* Manufactured by Tektronix, Inc 
Southeast Hawthorne Bivd, Portland 


Oregon 


this voltage, it is driven quite hard, 


as is the 210B supply. A blower pre 


vents excessive temperature rine and 


minimizes the temperature gradient 


between resistors in the  precision- 





FIG. 3. High-voltage chassis (low-voltage 
circuits are on separate chassis) 
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bleeder chain. The application of the 


B+ 
by a thermal rela 


| 
voltage to the oscillator is delayed 
The regulator circuit is a modified 
version of that used in the Brookhaven 
* The 180-volt battery 
string——six Ee No. 413 bat 
luded 


; 


5-kv suppl) 
ereads 


between the grid 


teries-—18 ine 
of the 


series Lt 


*W. A. Higinbotl 
429 (1961). 


the cur 
in the control tube can be sufficient to 


its control tube so that rent 
give reasonable transconductance while 
at the same time permitting use of a 
The bat- 
voltage can change considerably 


the output 


high-plate-load resistance 
tery 
with 
voltage. 


negligible effect on 
This is confirmed by the fact 
that dropping the battery voltage by 
20 % produced a change in output 


age of considerably less than 0.01 % 


Amr Beta Counter for Scanning 


Paper Chromatograms 


By A. HARRISON and 
F. P. W. WINTERINGHAM 
Department of Seientific and Induatria 
Research 

Peat Infestation Laborate 


Slough, Buch Englan 


In earlier paper 
nation of labeled 
on paper chromatogram 


automatic scanning method 


scribed / utilizing unidimer 
chromatogram 
a thin-end-wi 
avoid the losse 
and window ab 
described here 


The counter 


Paper - strip 
chromatograr 





Hollow bross 


Steel rod 
Supporting 
platform 

(685*O5 
xO3 cm) 


Ground 
ferrminal 


Steel prong 
supporting 
paper roll 





FIG. |. 


sists of two hemicylindrical | 

counters, one enclosing the uppe 

face of a hollow platform, the 

the lower surface; the whole ts enclos 

There ar 
within the 


hus 


including the 


in a Pyrex envelope 


exposed edges or point 
sensitive volume of the counter 
ill internal surfaces 
edges of the platform slots throug] 


vhich the 


polished 


paper | exposed, are 
The bolts holding the plat 
form plates to the supporting rods ar 
The 
of the copper-foul cathode meet at one 
ide of the platform The small |} 


chromatogram assing 


countersunk, longitudinal edge 


ol a& paper 


through the platform are presumabl 


opper cathode 
50x95 


sheet 


fron 


Buffer 
ontacts 


Pyrex 
head 
WG € 
opper lead 
Perspex 


+ 
bIOCKS 





SWG 26 


opper wire 


Vacuum tar 


Brass winding handie 


Sensitive volume of G-M counter is around hollow platform supported by brass 


cone; copper sheet, bent cround Perspex disks and held by spring, forms cylindrical 


cathode. 


Anodes cre on opposite sides of platform. 


Winding handle, engaging free 


end of paper strip by pronged extension, draws paper through platform; |-cm lengths 


of paper ore exposed 


64 


too short to reach into the sensitive 


volume 


Assembly and Gas-Filling 


All parts of the apparatus are kept 
scrupulously clean and free of small 
tadioactive contamination 

avoided at all cost. 


The 


may be 


paper chromatogram which 


50-60 em long but not more 


than 3.0 em wide, is marked off lightly 


in pencil in l-cm sections and num- 
bered By 
envelope 
bled 


ing or emerging from the platform, the 


observing through the glass 
when the counter is assem- 


the number of the section enter- 


section exposed to the sensitive volume 
identified. 


The strip is rolled up tightly once on 


of the counter can be 


twice and the coil placed on the prong 
The 
fed 
through the platform until about 5 cm 
The 
vacuum grease (not silicone) 
the socket of 
With the help of 
held in the open end of the envelope, 
the fork Is 


engage the free 


of the platform supporting rod 


free end of the paper 1s then 


emerge brass cone is smeared 


with and 


inserted into the glass 


envelope lorceps 


brass winding inserted so 


that the prongs end of 
the paper emerging from the platform. 
he Pyrex head ts greased and placed 
on the cone of the envelope so that the 
ks on the glass propes 


mall copper dis 


contact the bent copper extensions ol 


the counter anodes 
ready for 


is attached to the manifold 


The loaded counter, now 
{iis filling, 
shown in Fig, 2 


Aftei 


nected 


filling. the counter is discon- 


from the manifold and placed 
a lead castle, which provides 


lead all 


within 


3 in. of round the counter. 


nori- 


bi icks 


portion of the paper 


The counter platiorm 18 exactly 


zontal By removing two roof 
ft the castle, the 
trip just emerging from the platform 
can be viewed through the glass enve- 
lope. The paper-winding handle pro- 
jects through a gap in the side of the 


castle 


Auxiliary Circuits 


With the shielded counter in its nor- 


ial position (the anodes horizontal, 


parallel, and in the same vertical plane), 


up to one-half the total background 


counting rate (40-50 cpm) was appar- 


ently due to cosmic rays, which gave 


rise to coincident pulses in the half- 
counters By means of a coincidence 
circuit, the background counting rate 
was effectively reduced to about 25 


Moreover 


ground « 


cpm this remaining back- 


ounting rate will be far less 
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NOW .. . Daystrom Instru- 
ment is equipped to supply 
Reactor Control Instruments 
‘to science and industry .. . 
instruments that are in keep- 
ing with traditional Daystrom 
reliability of design and func- 
tion —— instruments that are 
available as units or com- 
plete consoles. Yes 

the know-how of Daystrom 
Instrument is available to 
industry. 


Ay strom 


hstrument 


WATCH FOR THESE: 


Neutron Compensated ton Chambers * Period 
Amplifiers * Magnet Amplifiers * Log N Ampli- 
fiers * Log Count Rate Meters * Composite 
tS A i eM el Se 
Chambers * Sigme Amplifiers * ton Chamber 
High Voltage Supply * Single Channel! Pulse 
Height Analyzer * Associated Test Equipment 





For 


“HOT SPOT” 


Remote Observation 


A custom designed industrial periscope 
is very often the answer to “Hot Spot” 
remote contro! handling, instrumenta- 
tion and observation. We have designed 
and manufactured many such peri- 
scopes. 


If you have a problem calling for a 
periscope or for any precision optical 
system, check with us. For nearly half a 


century Kolimorgen has designed, de- | 


veloped and manufactured precision 
optical products including Industrial and 
Naval Periscopes, Fire Control! Devices, 
Projection Lenses and Navigational In- 
struments for Inclustry and for the Armed 
Services. 


Send for Bulletin 301 


Planh 347 King Street, Northampton, Mass. 
New York Office: 
30 Church Street, New York 7, New York 


yer 


likely to be subject to the nonrandom 
to 
Although the circuit units to be cde 
identified by 
Atomu 
, the 


fluctuations due cosmic rays 


scribed here are the 


type” numbers in use in 


Establishment 
ibly 


equally well with other units of simila: 


energy Research 


counter would presum operate 
function. 

Both in the Gel 
1 500 olts 


the 


counters 
region at 
the threshold voltages 
half-counters ”’ 


operate 
about 

Since 
usually he within a 
separate high 
voltage control is The 
HV for both counters is drawn from a 
200 


few volts of one another 


unnecessary 
single type 200 unit via two t pe 
probe units separately operating from 
each counter anode 

The 


amplifiers with no quenching facilities 


probe units are single-tube 


The ethanol vapor of the counter gas 
filling provides adequate quenching at 
the low counting rates for which the 
counter is designed. External quench 
ing that by 


temporarily the anode voltages of the 


units operate reducing 


counters are unsuitable; 
200 volts) applied to one 
half-counter anode invariably induced 


the 


pulse (@.g., 


a pulse in the other half-counter 
event being erroneously recorded as a 
cosmic-ray coincidence. 


The output pulse of each probe unit 


applied to the Y-plates of a double- ar 


the negative 





Counter Characteristics 


Threshold voltage (hoth 
100 volts 


200 volts 


‘half-counters i 
Plateau 
over 


negligible 
Total effective 


Slope operating range 
bac kground 
excluding 


counting rate 


coincidences >-1N 
shielding 25 cpm 
ffective efficiencs 


deposited 


lor ( 


on chromato- 


gram paper (4.5 Ing/em 
stimated efficiency for ¢ 
betas escaping from chro- 
matogram paper 

flective H 


chromato- 


efficiency for 


ce posited on 


gram paper (9.5 mg/em 





beam cathode ray Ose illoscope on a 


15-msee ._X At 


counting rates and when the 


sweep background 
uxtaposi- 
tion of the two beams is properly ad- 
justed, coincidences can easily be seen 
on the oscilloscope screen to check the 
performance of the counter, coincidence 
unit and sealers 

The output pulses of the two probe 


units (+15 volts fed separately 
into the first 


a type 1036A coincidence 


are 
and second channels of 
After 
they 


ind seC- 


unit 
amplitude discrimination, eté 


e fed to corre sponding hirst 





To 4-3 counter 
— 


To Hg f 
manometer 


= 








Dewor flask 
containing ~~ 
ice slush 














A 


~- anhydrous 


ss 


To helium 
cylinder with 
reducing and 
needie-value 
control 


To two-stage 
rotary oil 
vocuum 
a) 


Redistilled 


ethanol 











FIG. 2. Gas-filling manifold. Air in rubber-tube connection to helium cylinder is 
flushed out through bubbler. Counter and manifold are then pumped out. Ethanol 
vapor in equilibrium with liquid at O° C is admitted to counter and 15 min allowed for 
equilibration. With counter and ethanol reservoir isolated, manifold is pumped out 
and helium admitted to counter to within 1-2 cm of Hg short of atmospheric pressure. 
After 15-min equilibration, counter is disconnected 
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ond type 1221B cold-cathode-Dekatron 
calers 

The pulses from the first and second 
channels of the coincidence unit, after 

ariable delay, are fed into the unit’s 
mixer channel When two pulses ar- 
rive within the variable resolving time 
if the mixer channel (normally 2 usec), 
1 single pulse is passed on to a third 
1221B sealer type. The incidence of 
purious coincidences within this time 
was negligible at counting rates below 
2,000 epm 

All three sealers are controlled by a 
ingle type 1221B preset timer. Thus, 
the three scalers record the total counts 
of the upper half-counter, the lower 
half-counter, and the coincidence 


counts 


Performance 


During six months of regular use for 
inning C'*-labeled compounds sepa- 
on paper chromatograms, the 
electrical characteristics of the counter 
see table) have remained apparently 
1th hanged 

The efficiency for C'* was estimated 

spotting a labeled compound on 
hatman No. 1 paper and comparing 
the counting rates obtained in the 4r 
counter and when mounted below a 
thin-end-window (2 mg/cm*) G-M 
tube calibrated with a C' standard 
Che efficiency of the end-window tube 

is 4 The 47 counter was thus 8 
times as efficient as the end-window 

inter. The efficiency for the C™ 
betas escaping from the paper (87%) 
vas estimated on the basis that 63.4% 

the betas would be lost by self- 
absorption in 8.8-mg/cem? paper (1). 
The efficiency for H® (labeled hydro- 
rtisone acetate) was estimated by 
mparing the counting rates obtained 
vith the 49 counter and with a gas- 
yunting technique having a calibrated 
efficiency of 50% (4). 

Although designed for scanning soft- 
beta emitters separated on paper, the 
ir counter has been very useful for 

paring the C'* content of small 

juid samples deposited by evapora- 

it suitable intervals along a filter 

strip. When a series of ten sam- 

f C'*-labeled allethrin was assayed 

vay, the over-all coefficient of 

was +4.2%. This included 

ition due to 10-l pipetting, to 

ibsorption variation due to the 

and to the statistical varia- 

of random counting, the last 

calculated in the usual way to 
2.19 


\ further application of the 4 coun- 
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TYPE 3XP Sc - i 


1"" 
ANOTHER j 4 
EXAMPLE OF 


ox, 
= ff - 
PIONEERING . o/ : 


3XP RAYONIC CATHODE RAY TUBE provides a brilliant and 
sharply-defined trace and high deflection sensitivity at medium anode poten- 
tials. When comparing 3RP operating at 1000 volts second anode against 
3XP operating at 2000 volts, the results are astonishing. For the same spot 
size, 3XP light output is improved by a factor greater than 4, vertical 
deflection sensitivity improved by a factor of 2, while the horizontal sensi- 
tivity remains unchanged. Because 3XP is enclosed in a short envelope and 
has half the inter-electrode capacities of the 3RP, the tube lends itself admir- 
ably to high frequency video work as well as for low repetitive operation. 


TECHNICAL DATA The basic properties of the cathode ray tube that 


concern the designer or the user are: deflection 
sensitivity, unit line brightness, line width, static voltage requirements and 
physical size. A comparison between cathode ray tubes manufactured by 
Waterman Products Company is shown in the table below. These tubes are 
available in P1, P2, P7 and P11 phosphors. 3JP1, 3JP7, 3SP1 and 3XP1 are 
available as JAN tubes. 





STATIC VOLTAGE DEFLECTION’) wigyt 


PHYSICAL DATA 
TUBE oem © * 


Length Bose AS | A2 |A2Mex.| Vert | Hor |OUTPUTS" 





se = = 


ee eee [pe 


3JPI , 10" Med Diheptal | 3000 | 1500 | 2000 |111 | 150) 352 
3MPI 8"’ Sm Duodecal 750 | 2500 | 99 | 104 33 
3RPI 9%" | Sm Duodecal 1000 | 2750 | 61 86 44 
3SP1 x 9%"' | Sm Duodecal 1000 | 2750 | 61 86 44 
3XPI 8%"' | Loctal 2000 | 2750 | 33 80; 218 






































*Deflection i 


e+Light output of on element of a raster line (me mm AM heaters 6.3 V AC, .6 AMP. 


long and not exceeding OSmm in width) in microlumens. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. CABLE ADDRESS; POKETSCOPE 
WATERMAN PRODUCTS INCLUDE 


35P1, 35P7, 3571, 3XP1 JAN RAYONICD 
Cathode Ray Tubes 

35P —~3MP —3RP—35P—3XP RAYONIC 
CATHODE RAY TUBES 

Available in P1, P2, P7, and 


Pil Phosphors 
POCKETSCOPES® 


WPCA TT Mo aac 1 Nt Atteciated Equipment 














FOR CONTINUOUS, 
FOR ACCURATE 
DUST SAMPLING 

FOR PERMANENT RECORDS 


a 
KONISAMPLER 
(pat. pend.) 
Employs principle of thermal precipita 
tion. Light weight 
Automatic timer 


-quiet—~-all electric 
will also operate con 
tinuvously—secures purticulate matter 
suitable for microscopic, electron micro- 
scopic or visual and for permanent 


records on standard glass slides. 
Cost (complete) with carrying case 
$225.00 
Send for descriptive brochure K-1 


Designer and manufacturer of 
gravimetric and oscillating types of thermal 
precipitators 


JOSEPH B. FICKLEN Ii! 
1846 East Mountain $F. 
Pasadena 7, California 


continuous 
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LEAD GLASS WINDOWS 
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Hi-D Lead Glass Windows provide 
clear, direct, wide-angle, binocular 
vision through heavy gamma-shield- 
ing walls. lead equivalent 0.55; 


steel, 1.0 
LARGER SIZES NOW AVAILABLE 


Send for circular GS-3A 
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ter has been to the simultaneous deter- 
mination of a mixture of Cl**- and C'*- 
separated on a 


labeled compounds 


paper chromatogram. A 28-mg/cm? 
mica sereen fitting exactly into the 
slot of the upper platform effectively 
screened off all the C'* betas 
passing approximately 60% of the Cl! 
Thus the top half-counter was 
sensitive to0.6 * Cl** activity only and 
the bottom to the total Cl** + C'* 
which 


while 


betas 


activity, enables the isotopic 


composition to be deduced 


* * ” 


The authors are indebted to Mr V 1 
Cordaroy for the conatruction of the platform 
instrument shop of thi 
laboratory, and to Dr. J. F Tait of the 
Barnato Joel Laboratories, London, fi 
samples of H*-labeled hydrocortisone acetate 
separated on a paper chromatogram This 


assembly in the 


paper ia published by permission of the 
Department of Scientific and 
Re search 
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Measuring pipette 








By IRVING FEUER 
Polytechnical Consultants 
New York, New York 


An inexpensive micropipette * can be 
constructed from common laboratory 
components, i.e., a syringe, a measuring 
pipette, and one or more pipettes oper- 
ating in parallel. 


* Patent pending. 


Industrial 


- The sensitivity of the 


pipette can be 


measuring 
expressed as volume 


displaced in measuring 


pipette 


plunger displacement in syringe). 
With the dilution pipette, one obtains 
greater linear displacement of the 
plunger for a fixed volume in the meas- 
uring pipette, thereby increasing the 
operator’s control (see illustration). 
This technique can be extended to 
multiple pipettes. Thus, for measuring 


radioactive liquids, one pipette takes 
up the liquid, a second is the dilution 
pipette and the third (the same volume 
as the first) takes up a nonradioactive 
liquid to indicate the volume of radio- 


ictive liquid 


TECHNICAL BRIEFS 


® lodine-132 
were reported by N 
Nov. 6, 1954, p. S89 


measurements 
Veall (Nature 


useful in biologi- 


radiation 


cal tracer studies The dose rate from 
1 me I'8?, by 


was 12.1 r/hi 


ionization measurements, 
at 1 em; the mean $-ray 
0.45 


The half-life was determined to 


energy per disintegration was 
Mev. 


he 2.259 + 0.003 hr. 


* Cancer of 
given a localized dose of up to 9.000 1 
Paul 
Harper, University of Chicago Dept. of 
filled 
with I'* solution and air or mercury 
the ends, is threaded 


the pancreas can be 
by a technique developed by 


Surgery. Polyethylene tubing, 
and sealed at 
around and through the tumor. At 
the end of treatment, the tube can be 
withdrawn or left in the patient. 


® A semiconductor-diode amplifier, 
based on carrier-storage effects, with a 
gain of 10 for <1-ysec pulses has been 
developed by A. W. Holt of NBS. 
Principal application thus far is to 
If the 


voltage across a diode is suddenly 


computer-like regular pulses, 
switched from forward to reverse, the 
high reverse resistance characteristic 
of the steady state is not achieved 
immediately. Rather, the carriers that 
were responsible for the forward cur- 
rent are swept out by the reverse volt- 
age, giving an appreciable reverse cur- 
rent for a time T' of the order of 1 ysec 
for germanium point-contact diodes, 
less for silicon. 

A square wave of frequency > 1/7 
alternately applies 0 volts or 20 volts 
reverse voltage to the diode. Pulses 
to be amplified are applied in the for- 
ward direction during the time that the 
zero. The next 


square wave is at 


reverse-voltage excursion of the square 
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wave sweeps the residual carriers out, 
giving an output pulse of similar cur- 
rent but higher voltage than the input. 
There is a significant resemblance to 
transistor action here: carriers are in- 
jected at low impedance and are taken 
out at high impedance, but instead of 
these being emitter and collector, they 
are the same junction, the square- 
wave biasing voltage having changed 


its character, 


® Two standard source wells have 
the Naval Re- 
search Laboratory for calibrating radia- 


been constructed at 
tion detectors and measuring radiation 
effects on materials. Cobalt-60sources 
50 me and 7 c) have been used to give 
field values of 0.002—100.0 
within 3%, reproducible to 
Cs'*7 (50 me) was used | 


calibrated 
r/hr to 
within 0.3%; 
for 0.001-0.45 r/hr to within 5%, 
reproducible to within 0.3%. Both 
12-in. o.d. steel tubes | 


c 


wells consist of 
driven 18 ft into the earth, a 2-in. outer 
layer of lead surrounding 4 ft of the 
upper end of the high-intensity well 
and 6 ft of the low-intensity well. A 
10-in.-diameter tube, telescoped into 
the larger tube, contains a track upon 
which the source carrier is positioned 
by a metal-impregnated flexible tape. 
High-intensity wells are being de- 
signed for 100-130 curie Co® and 100 
curie Cs'*’ sources to provide fields of 
1,000 and 500 r/hr, respectively. 


*Radiation effect on paint. After 
exposure to 1.25-Mev y’s from Co for 
3.5 10° r, 
kemite, and Amercoat-23, -33, and -55 
on Al panels had surface blisters and 
large amounts of halide. Film failure 
was due to hydrogen halide attacking 
Al. Amercoat-23 and | 
panels failed similarly after 5 « 10*r. 

No failure was evident in Corrosite, 
Nukemite, GE Cocoon, Amercoat-23, 
-33 and -55, Zerok-110, Alkaloy-550, | 
Amphesive-801, Prufeoat, Duralon-36, | 
and Ampreg on concrete after 10° r. 
After 7.4 X 10*r, 
nation revealed small colored surface 


vinyl-base Corrosite, Nu- 


-55 on steel | 


microscopic exami- 

spots on Amercoat-33 and -55, GE | 

Cocoon, Corrosite, and Nukemite. 
Kel-F failed after 10’r. Black 





Engineers! Scientists! 


UNLIMITED OPPORTUNITIES IN 


Atomic Power 


AT 
Westinghouse 














In a new plant on the outskirts of Pittsburgh, Pa., 
atomic energy will be explored as a source of power 
for transportation and industry. 


Opportunities in this new field are unlimited for: 


MECHANICAL ENGINEERS 


Fluid flow, heat balance, valves, me- 
chanical and hydraulic devices and 
mechanisms, design and application of 
high pressure piping and systems, heat 
transfer, rotating machinery, general 
steam apparatus and steam power 
systems. 


ELECTRICAL AND CONTROL 
ENGINEERS 


Development, design and application 
of control systems and apparatus for 
nuclear plants. This includes servo 
analysis, application of analog com- 
puters, functional and operational 
analysis of mechanical and electrical 
power systems and the application of 
temperature, pressure, flow instru- 
ments, nuclear instruments, motor con 
trollers, regulators, control panels and 
special electrical controls. 


PHYSICISTS 
Basic reactor physics, reactor design 
and analysis, control systems, and 
experimental! testing. 


CHEMICAL ENGINEERS 


Design and operation of chemical 
process plants, design and application 
experience in plant control instrumenta 
tion, hydraulic systems, heat transfer, 
corrosion, ion exchange, thermal inau 
lation, plant construction and pilot 
plant design and operation. 


CHEMISTS AND RADIO 
CHEMISTS 


Physical chemists for reaction rate and 
mechanisms studies. Radiation chem- 
ists for radiation effects studies. Radio 
Chemists for transuranic, fission prod 
uct and tracer analysis. Nuclear 
chemists. 


METALLURGISTS 


To conduct basic research in physical 
metallurgy, corrosion and radiation 
effects on metals; applied research and 
development on materials and processes 
for reactor components in the field of 
vacuum induction melting, ceramics, 
powder metallurgy, welding, metal 
working and non-destructive inspec- 
tion. 


SALARIES 


Open. Ample housing available. 


Benefits include a hospitalization-insurance 


Amerplate, white-polyethylene Amer-| program, and graduate study under the Westinghouse program at company 


plate, and flame-sprayed polyethylene 
failed after 10*r. 10°F | 
caused failure of sheet strip coats of 
Black Brevon, Blue Tygofilm, Black 
A89A, GE and Amercoat 
strip 

Tests were conducted at Oak Ridge | 
National Laboratory and the National | 
Reactor Testing Station. 
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Doses of 


Cocoon, 


expense. 








HOW TO APPLY 
United States Citizenship is required! 
Send resume concerning your experience and education to: 
Mr. C. F. Stewart, Atomic Power Division, 


Westinghouse Electric Corporation 
P.O. Box 1468N, Pittsburgh 30, Pa. 











NUCLEAR ENGINEERING 


Using a 


Scintillation Spectrometer 


for Determining Uranium Burnup 


By J. H. KITTEL 

Metallurgy Division 

Argonne National Laboratory 
Lemont, Illinois 


The determination of atom burnup 
in irradiated fuel material can be sub 
vhen ictivated 


When 


uch that errors will be 


ject to large error 


monitors are used irradiation 


conditions are 
monitor ire used 


present if burnup 


is best determined by measurements 
made on the fuel 


method that is de 


pecimen itself. The 
eribed here tint ‘ 
simple chemical separation and a 
tillation 


total fissions in a fuel specime: 


spectrometer to determ 


Using a Monitor 


a 
rhe exposure of neutron-irradiated 


material | 


fiasionable commonly re 
ported in terms of “burnup,” or the 
fraction of total atoms in the material 
that has 


material is irradiated in a pure thermal 


undergone fission If the 


neutron flux along with a suitable moni 
then the 
can be calculated from the fluy 


tor material burnup readily 
deter 
mined from the monitor activit us 
suming, of course, that the neces 
cross sections are known accurate! 
Experimental reactor irradiations of 
fuel materials 
high neutron fluxe 


under conditions wher 


marticularly when at 
| 


often are mace 


an apprec iable 


number of fast and resonance neutror 
are present, and thus large errors cai 
develop if the experimenter use 
activated monitor as a means of calcu 
lating burnup in his fuel 
If, for 


being irradiated under these condition 


specimel 


example, natural uranium 


and cobalt is used a monitor, the 


following oceur at un 


processes wil 
known rates: (a) the cobalt will acquire 
excess activity because of its relativel 
high resonance activation cross section 
at 120 ev; (b) I 


fast neutrons: (c) | 


* will be fissioned b 
* also will he ¢ on 
verted, mainly by resonance neutrons 
Pu*?, 


whic h 


into an appreciable fraction of 
then 


thermal neutrons. 


may undergo fission b 


In addition, errors may arise even in 
a well-thermalized location because of 
an unknown flux gradient between the 
and the fuel and 
because of self-shielding within the 


monitor specimen 


specimen, Under such conditions 
burnup is best determined by measure- 


ments made on the fuel specimen itsell 


Measurements on the Fuel 


The most reliable determination con- 


sists of measuring the amount of a 
fission product having a known yield 
Thus, the total number of atoms fis 
sioned can be determined, and if the 
total atoms in the sample are known, 


the burnup is calculated readily. One 





of the most satisfactory fission-product 
this is Cs!*7, It 
advantages of high 


isotopes for 
has the 
equal yields in the fission of U***, U**, 
Pu***, and it has a suitably 
half-life (33 ) 
Cesium activity 


pul pose 
almost 


and long 


usually is separated 
from other fission-product activity by 
precipitation in ethanol as the perchlo- 
rate (] 
counted under standardized conditions. 
This 


precision 


Then it is mounted and beta- 


procedure, while yielding high 
suffers from an inherent dis- 
idvantage in that 2 or 3 months’ decay 
required to eliminate the beta con- 
tribution from 12-day Cs!*, 
On many occasions, particularly for 
a less precise but 


preliminar yY values, 


simpler determination would suffice. 


Gamma-counting with a high-resolu- 


tion scintillation spectrometer has been 
shown to be an attractive method of 
furnishing a quick qualitative analysis 
A method will 


which the instru- 


of fission products (2). 
now be described by 
ment can also be used for quantitatively 
determining the number of fissions in a 
given sample 

The circuit used for counting con- 
sists & single-channel pulse-height 
inalyzer and a negative high-voltage 
unit, both designed and built under the 
direction of T. Brill of the electronics 
division of Argonne National Labora- 
The 


high-resolution 


tory. scintillation unit consists 
sodium-iodide 
R. Swank 


of Argonne’s instrument research divi- 


of a 
probe designed and built by 
sion (8). The probe is used in an iron 


shield 


pared from urany] nitrate solutions con- 


Counting samples are pre- 
taining known urabpium concentrations, 

If the gamma spectrum of a natural, 
unseparated mixture of fission products 
that 


is surveyed, it will be found 


TOP OF RUSSIA'S 5-Mw reactor (left) (NU, Aug. '54, p. 60) and console (right) are shown in recent photos in Pravda, Russia's Communist- 


party newspaper. 
70 


A 100-Mw reactor power is planned 
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SEALED—RUGGEDIZED INSTRUMENTS 
BY ROLLER-SMITH HAVE THAT 
“NEW LOOK” FOR 


See these and other outstanding Roller-Smith products featuring the ‘new-look’ at Booth 702 1. R. E. Show, Kingsbridge Armory, New York City, March 21-24, 1955. 
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|, Om OALOHM... 
minidluw But mighty! 


PE DC DEPOSITED 
RESISTORS 


Manufactured under rigid quality controls to deliver match 
less performance and economy. Pure carbon in crystalline 
form is bonded to a selected ceramic core and then sealed 
against moisture with a special silicone coating having high 
di-electric strength, excellent thermal conductivity, and 
high resistance to abrasion 


Five wattage ranges and seven basic sizes: DC- ', 
Y watt; DC-'\4, 4 watt; DCS-'4, 4 watt; DCM-1'4, 14 watt; 
DC-'%, 4 watt; DC-1, 1 watt; DC-2, 2 watts. 


e From 1 ohm to 200 megohms, depending on type 

e Temperature coefficient varies slightly 
from 140 PPM to 500 PPM per degree C 

e 1% accuracy. (Other tolerances available) 


Meet MIL-R-10509-A Specifications 


WRITE FOR 
BULLETIN 
No. R-24 


prepared by United States Radium Corporation 

have the following flux characteristics: 
Radium-Beryllium 1.3 x104 n/sec/mg 
Polonium-Beryllium ...0.26x104 n/sec/mg 
Radium D-Beryllium ....0.26x104 n/sec/mg 


USR neutron sources are engineered to your speci- 
fications, thus the design of the capsule enables USR 
neutron sources to meet your special requirements. 


In the relatively new field of 


..-activation analysis 


USR neutron sources have enabled academic and industrial labora- 
tories to utilize this new tool for the research investigator, offering 
trace element analysis — fast — accurate —in ranges never before 
envisioned. 


One of the newest methods of determining geological strata charac- 
teristics is by radioactive 


...0il well logging 


which depends essentially on neutron bombardment of the structural 
materials encountered in underlying formations. USR high-activity 
neutron sources have effected such bombardment. 


If you would like further information on USR neutron sources — 
write to Dept.!N-3 


UNITED STATES RADIUM CORPORATION 


535 PEARL STREET, NEW YORK 7, W.Y. 
Plants and Leborotories at; Bernardeville, N. J., Whippany, N. J. 
Bloomsburg, Pa., N. Hollywood, Cal. 





the only activities that interfere with 
the 0.663-Mev gamma of Cs!*’ are the 
0.708-Mev gamma of Zr® and the 
0.758-Mev gamma of Nb®. These can 
be removed readily from the sample by 
Fe(OH);, after which the Cs activity is 
counted as the chloroplatinate. The 
chemical procedure, which takes less 
than 14 hr for four counting samples, is 
as follows: (a) to 4 ml H,O in 40-ml 
centrifuge tube add aliquot of active 
solution containing a known concen- 
tration of uranium and 1.00 ml Cs car- 
rier solution (standardized by CsClO, 
procedure) (1); (b) heat to boiling, then 
add 5 drops 10% Fe(NOs)3; (c) add 
about 2 drops 6N NaOH dropwise to 
form Fe(OH), and centrifuge, pour 
supernatant into clean tube; (d) repeat 
a) and (b); (e) add 10 drops 5% 
H.PtCl,, agitate, allow to stand one or 
two minutes, and then wash with 
ethanol onto weighed filter disk (What- 
man No, 50); and (f) dry in vacuum 
desiccator, weigh, mount, and gamma- 
count as Cs!*’, 

The sample is counted so as to deter- 
mine the valley depth near 0.54 Mev, 
the maximum peak height near 0.66 
Mev, and the valley depth near 0.74 
Mev. If the Zr and Nb have been 
properly removed, the peak-to-valley 
With the same 
geometry, an identically mounted sam- 


ratio will be about ten. 


ple containing a known number of fis- 
sions is counted, and if the integrated 
counting rate is low enough to avoid 
resolution losses (<50,000 cpm), it 
will be found that a direct proportion 
exists between peak heights and num- 
ber of fissions in the counting samples, 
from which fissions in the unknown can 
be calculated. If the number of 
uranium atoms in the aliquot is known, 
the fraction that has fissioned can be 
readily determined. 
* * ” 


The author acknowledges the help of BE. 
Turk of Argonne'sa chemical engineering dt- 
vision, who standardized the Cs carrier solu- 
tion and determined the fissions in the solution 
from which counting standards were made, 
and R. Milham of the same division, who 
provided suggestions on separation proce- 
dures and instruction on use of the counting 


equipment 
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NUCLEAR POWER 


Prime U. S. areas for nuclear power. 
In one of his last statements as an AEC 
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fficial, L. R. Hafstad said New Eng- | 
and’s high industrialization and high- | 
cost fuel make it a “natural” for early | 
competitive nuclear power. Other | 
areas of the U. 8S. with high-cost con- | 
ventional fuel are: (a) Nevada, Oregon, 
and adjoining portions of California | 
ind Idaho; (b) most of South Dakota 
with nearby Minnesota, North Dakota, 
ind Kansas; (c) northern Michigan 
ind Wisconsin; and (d) most of Florida | 
and part of southern Georgia. 


W. Germany studies reactor graph- 
ite. Graphite of density considerably 
over 2.0 gm/cm? is being counted on | 
to make possible use of only 25 tons | 
of natural uranium in West Germany 's| 
proposed 10-Mw reactor (NU, Feb. | 
55, p. 75). 

j xperiments on low-boron po vdered 
graphite with a crystal density of 2.4 
have indicated a diffusion length of | 
i5cm, but confidence exists that further | 
purification will give a graphite whose | 
diffusion length will be 48 cm for a} 
density of 1.6-gm/em', 

First of the group’s sigma pile diffu- | 
sion-length studies involved slabs of 
.6-gm/em* graphite as used in the 
electrical industry. An 8.2-ft cube of | 
graphite with a 500-me Ra-Be source | 
centered on the bottom surface was 
used in the conventional manner. 
Later, a method originated by Karl | 
Wirtz was employed. The new tech- 
nique, said to be faster and more accu- 
rate, used the same source centered in 
1 23.6-in. graphite cube surrounded by 
11.8 in. of paraffin. Both methods 
involved indium foils as detectors and 
yielded diffusion length of 43 em. 


Belgians use exponential pile to find 
properties of British-supplied graph- 
ite. Belgium's exponential pile, 1,410 | 
ft® and 1434 ft high, has been used to} 
find that the graphite supplied by Great 


ponential pile uses 68 tons of graphite | 


Britain (NU, Aug. ’54, p. 56) has a 
48.l-em diffusion length. The ex- 


and 3,000 Al-clad U slugs weighing a 
total of 6 tons. Lattice spacing is 18 | 
cm buckling)? is 1.33 K 10°* em?, | 
Four 2-c Ra-Be sources were spaced 
equally at the bottom of the stack. 
The graphite will be stacked in a 22-ft | 
cube in Belgium’s reactor, which also 
vill have two graphite thermal columns. 


Maximum burnup. For a given fuel 
element, maximum burnup can _ be 
ichieved by shifting the element to| 
several flux-density positions during its 


time in a reactor. 
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--Automatic 
Digital Recording 


BERKELEY Model 1452 Digital Recorder 


You can eliminate the high cost and error of manually transcribing 
visual data by using the reliable, inexpensive BenkeLey Model 1452 
Digital Recorder — another Berxevey first. It operates directly from 
any*® BeRKeLeY counter, scaler, EPUT, time interval or frequency 
meter, automatically records up to 10 digits on standard adding ma 
chine tape. Cycling rate is several hundred percent faster than manual 
recording. 


Lost counts are prevented by interlocks which prohibit clearing of the 
electronic counter until printing is completed. It can be modified to 
print “Time” or “Code” information simultaneously with count data 
on the same tape. 
% Older BenxeLey models may be adapted for 
use with the Model 1452. 





CONDENSED SPECIPICATIONS 


Recording capacity 6 digits standard, 8 or 10 on special order 
Max. cycling rate 1 printout every 0.85 sec. for 6 digits 

Power requirements 100-130 v., 50/60 cycles, 125 watts (approx. ) 
Input requirements Direct connection to basic counting unit 
Dimensions, weight 19” wide x 10'2” high x 14” deep; 60 Ibs. 
Price, Model 1452 $750.00 f.0.b. factory 


(Prices and specifications subject to change without notice) 


Write for ificati and data; please address Dept. E-3 


MRE clevcsion 


BECKMAN INSTRUMENTS INC, 


2200 WRIGHT AVE., RICHMOND 4, CALIF 











INDUSTRIAL INSTRUMENTATION ANO 
CONTROL SYSTEMS + COMPUTERS + COUNTERS + TEST INSTRUMENTS + NUCLEAR SCALERS 
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if you want 


BORON-FREE 


FUSED 
QUARTZ 
LABORATORY 
WARE 


you can get it! 


Let the world’s largest producer of 
fused quartz products help you with 
your most exacting technical require 
ments. 

Recent laboratory analysis indi 
cates our BORON-FREE fused quartz 
products contain only one part of 
BORON in 25,000,000 parts of quartz 
Spectrographically, other impurities 
are practically negligible 


TRANSPARENT VITREOSIL 
SPECIAL APPARATUS 


For ultra-violet applications, metal 
lurgical investigations, chemical re 
search and analysis, photochemistry, 
spectroscopy and physical, optical 
and electrical research 


Catalogs and technical data of our 
complete line available. Write today 
Please use coupon below 


car, 


f 
were ew wee 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 
18-20 Salem Street, Dover, New Jersey 
Please send technical data on 


Company 

Name & Title 

Street 

City Zone State 
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~ TECHNICAL ADVANCES __ 


Highlights of Here are some highlights of the reeent New York 


Physicists’ Meeting meeting of the American Physical Society. The 
emphasis is entirely on instrumental techniques 


Fixed-field accelerators. Betatrons with 104% more current, synchrotrons 
with stable orbits for particles from 0.5 Mev to 20 Bev yet using d-c magnets 

. these may result from a new design principle for circular accelerators. 
The secret lies in magnetic-field configurations even more complicated than 
those used in strong-focusing machines currently under design. Almost any 
desired radial dependence of energy can be achieved. Since the magnetic field 
is not pulsed, tracking will not be required of synchrotron r-f systems and high 
repetition rates will substantially increase intensities. For betatrons the 
higher currents arise from the fact that electrons can be injected over a larger 
fraction of the machine cycle. Implementation will come slowly for Bey 
machines, but application to low-energy betatrons may come soon. Tough 
pole-piece-design and stability studies are being followed by Midwestern 
Universities Research Association group under D. W. Kerst. 


Bilateral development. Thick photographic emulsions used in nuclear re- 
search must be developed very slowly to insure uniformity. Fox and Waniek 
(Harvard U.) speed this up by developing from both sides of a stripped emul- 
sion. The pellicles are cemented between gauze pads fixed ina frame. Proe- 
essing solutions can pass, expansion in thickness is possible, but track-distort- 


ing longitudinal motions are prevented 


Autoradiography intensified. K. H. Sun (Westinghouse Research Labs) 
reported the use of a 10-y layer of ZnS(Ag) to reduce alpha-particle auto- 


radiography exposures by a factor of 100 


Frequency standard. Microwave radiation from a beam of excited ammonia 
molecules resonates a cavity to provide a new atomic frequency standard 
accurate to | partin 10''. What’s new here is that the molecules are the direct 
source, rather than a standard for comparison as in earlier ‘atomic clocks.” 


Scheme is work of Charles H. Townes and others at Columbia U. 


CERN progress report. Preliminary construction of the 197-in. 600-Mey 
synchrocyclotron at the European nuclear research center is underway. 
Magnet has been ordered, model of vibrating reed for f-m has been tested 
Forecast is operation in late 1957 Strong-focusing 25-Bev proton synchro- 


tren is still in design stage. It should operate in 1961 


Slow-neutron detector. Buttons of ZnS mixed with B'°-enriched B,O, have 
been used to detect neutrons by scintillations from alpha particles produced 
in the B'(n,a) reaction. Brookhaven’s fast chopper uses these detectors 
because small size and fast rise decrease time uncertainty in time-of-flight 
experiments. Present design is optimized for epithermal neutrons used 


there, but principle should be equally useful with thermal neutrons. 


How High Pressures down to 10~'° mm are now accessible for 
the Vacuum research and experimentation. Techniques in- 


volved are baked-out glass vacuum systems, oil 
diffusion pumps to reach the 10~7-mm region, simple all-metal valves to seal 
off the system, and ion-gage pumping to reach pressures below 10 mm 
A few years back it was recognized that the limitation of ion-gage readings 
at 10-* mm was caused by effects in the gage and not by limitations in pumping 
techniques. A new design evolved, the Bayard-Alpert ionization gage. Its 
rouch smaller ion collector had less spurious current from secondary electrons 
caused by soft X-rays (from the plate) striking it Hence the gage could 
measure pressures as low as 5 & 10 mm. Being able to measure lower 
pressures spurred research in attaining them 
Another limitation has recently been eliminated: the diffusion of atmos- 
pheric helium through the glass walls of the ionization gage. LEvacuating the 
region outside the gage, Westinghouse researchers L. J. Varnerin and D. White 


have now recorded pressures below 10 mm 


March, 1955 - NUCLEONICS 








Vol. 13, No. 3 - March, 1955 





ARE YOUR COMMUNICATIONS ? 


Do the booklets, pamphlets, and manuals you use really work for you? 
Are these vital publications, that tell the story of your products and your 


company, as cflective, readable, well designed and illustrated as they can 


be? Today more than ever, your entire operation is judged by each annual 
report, employee manual, and public relations piece that you produce, 
Have you examined your communications lately? If you have any doubt 
as to the impact of your instructional and promotional literature, 


remember 


COMMUNICATION [5 OUR BUSINESS 


For a good many decades McGraw-Hill has stood for complete coverage 
in the business literature field. Now the McGraw-Hill TrecHnicaL Writine 
Service offers a new approach to your publication problems — an inte- 
grated writing, editing, illustrating, and printing service for the custom 
production of; INSTRUCTION MANUALS, PRODUCT BULLETINS, TRAINING AIDS, 
INDUSTRIAL RELATIONS LITERATURE, ANNUAL REPORTS, COMPANY HISTORIES, 
PROCEDURAL GUIpES and other collateral literature. More than 150 editorial 
and graphic experts are at your disposal, ready to prepare high-quality 
material to your own or government specifications. Save time, save money 

. and make your communications work! Let our staff be your staff for 


technical and business publications. 


MeGraw-Hill Book Co. TECHNICAL WAITING SERVICE 


Write or phone Technical Writing Service, McGraw-Hill Book Co., In 
330 West 42nd Street, New York 36, N. Y. @ LOngacre 4.5000 


This service is available through ad agencies. 
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BOOKS 





Permissible Dose from External 
Sources of lonizing Radiation 
(National Bureau of Standards 
Handbook 59) 


Recommendations of the National Committee 
on Radiation Protection 
Office, Washington, D.C., 
Reviewed by Joun Z 
Laborator Universit of 
Salt Lake Cit ft 


(Government Printing 
1954, 79 pages $.30) 
Bowens, kh 
biology 
College of Medicine 


Committee on 
tall ned it 


In 1946, the National! 
Radiation Protection ¢ 
Subcommittee on Permissible 
under the 
Chairmanship of Dr. G, Failla 
uidition to its own 


Dose 


from External Sources 
Since 
this beginning, in 
meetings, the subcommittee and its 
consultants have held a series of meet 
ings with fellow scientist 
(Trip 


to consider the problem and ce 


irom | ng ind 


and Canada irtite Conlerence 


elop a 
report. From time to time, various 
ubcommiuttese 


Atomu 


labora 


recommendations of the 


have been adopted in the 
nergy Project and in other 
tories and hospitals in which individuals 
are potential! exposed to external 
sources of lonizing radiation 
Now the committee has re 
Handbook that not only details per 


missible doses and rules for 


PUSset 


protection 
but, as documentation for these, in 
wealth ol rachobiological in 


The value of the handbook 


cludes a 
formation 
is further enhanced by the lucid and 
concise style in which it is written 
For the radiobiologist, the radiologist 
and the radiation physicist, this might 


well be termed “ handbook of a number 


of years.” 
This analysis is not intended to re 


peat or rephrase the numerous con 
clusions of the handbook in regard to 
permissible dose and rules for protes 
tion. Any person working in the radi 
ation field must make these an essential! 
part of his scientific armamentarium 
sections of the re 
broad 


further 


However, there are 


port that are of sufficiently 


nificance to deserve one 
discussion 

Organization of handbook 
well 


material is organized and 


clusive table of contents enhances th 
value of the handbook as a reference 
source, 

Clear, vet comprehe n e statement 
on radiological terminology occupy the 


The sec 
(on 


first section of the handbook 
tion entitled 
siderations ”’ 

cussion of the essential facts concerning 


76 


Radiobiologi al 


contains an excellent dis 


the biological effects of radiation 


Following a section on protection 


criteria, the remainder of the handbook 
sets forth a series of rules and recom 
that cover all 


mendations aspects ol 


permissible exposure and protection 
from externa! sources of radiation 
Considerations of dose. 


considerable portion of the handbook 


Since a 


turns about discussions of permissibl 


weekly dose, it should be understood 


that the committee means ‘‘a dose of 
ionizing radiation accumulated in one 
week (7 days) of such magnitude that 
in the light of present knowledge expo 
maen 


sure at this weekly rate for an 


nite period is not expected to cause 


appreciable body injury to a person at 
any time during his lifetime 

The second section of the handbook 
includes an excellent 
radiation.” The 


concept of ‘dose of 


distinction between dose in roentgens 
and absorbed dose as energy absorption 
per gram of tissue is carefully made 
International agreement has been 
reached on the unit of absorbed dose 
Radio 


1953 


International Commission on 
logical Units, Copenhagen, July 
this unit is called the rad and is 100 
ergs/zm., Agreement on this new unit 
makes the previous unit, the rep, obso 
the different 


numerical values that have 


lete and thus eliminates 
been used 
in the literature for the rep (83-93 erg 
gm). The difference between the most 
frequently used numerical value for the 
rep (93 ergs/gm) and that for the rad 
(100 ergs/gm) is negligible in the con 
sideration of permissible dose, so that 
no changes are needed in the numerical 
values of permissible dose levels previ 
ously reported in rep 

of absorbed 


Since defining the unit 


make it any easier to 
itself, the radi 


with the 


dose does not 
measure the quantity 
Site 


ation scientist is left 


limitations in instrumentation as be 


fore. The cavity ion chamber, with 
which one measures in roentgen unite 
the ionization produced in air unde: 
conditions by) xX or 


most 


special 
radiation, is the widely 
instrument 

There is no need to emphasize 


intricacies of this subject, which h 


been considered in detail 
ports. It 


book has gathered together the ba 


in other re 


is fortunate that the hand 


ideas relating to the problem 
Radiobiological vagaries. Hap 
deal ibout tive 


pily we know a great 


cise ussion of the 


effects of ionizing radiations on biologi- 
cal systems; unhappily, we know very 
little 


effects, a point that is well emphasized 


about the mechanism of these 


in the handbook. The diverse factors 
that affect the response of the organism 
to ionizing radiations emphasize the 
complexity of the problem. The extra- 
polation of experimental data from 
animals to man can be deceptive. Per- 
haps, the increased use of canines and 
subhuman primates may bring a greater 
reliability to this 
larly in the study 
efiects 


As our radiobiological knowledge ad- 


transition, particu- 


of chronic or delayed 


vances and techniques for detecting 
effects in the integrated physiological 
organism become more refined, we 
reach an intersection where significance 


The handbook 


appropriately emphasizes the difficul- 


encounters sensitivity, 


ties in determining the degree of radio- 

biological significance to effects 
Genetic problem. 

dies this difficult problem well 


The report han- 
The 
genetic effects of ionizing radiations are 
of keen interest not only to the scien- 
tific community, but to the layman as 
The 


that as the percentage of the population 


well subcommittee recognizes 
exposed to ionizing radiation increases, 
genetic damage to future generations 
will become & more significant problem. 
The tough question of course is, ‘‘ How 
much radiation is required for one to be 


exposed?’ As 
tions in the individual or changes in the 


of 1954, somatic muta- 


first generation offspring are the perti- 


- 


nent problems; the status of the situa- 


tion in 1984 will be watched with 


interest 
subject careful 


Since the requires 


treatment, it will receive further con- 
ideration from the subcommittee ge- 
neticists, who, with outside help, will 
prepare a full report for submission to 
the committee 

The 
dose on pp. 32, 33 


masterful As the 
points out it has 


Tissue dose. discussion of 


tissue and 34 is 
subcommittee 
been customary to 


veneralize on tissue dose for 
with the 


case ol it 


X-rays 
ipproximation that in the 
tissue 1 rad or 1 rep 


equals 1 1 However, the multi- 
million-volt X-ray machines that are in 
common use today with the 
reliability of this statement With 
voltage X-ray (70 million volts), 


the beam traverses several centimeters 


do away 
high 


of tissue before the associated cor puscu- 
lar emission becomes maximal, thus the 
tissue dose in roentgens decreases with 


depth while the tissue dose in rads in- 
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creases with depth. A somewhat sim- 
lar situation applies in regard to bone 
and bone-marrow dose with multi- 
million-volt X-rays. For numerical 
equality between roentgen and rad, the 
X-rays should be in equilibrium with 
the associated corpuscular emission 

Relative biological effect. In the 
handbook, RBE for various §radi- 
ations are based upon the biological 
effectiveness of X-rays with average 
specific ionization of 100 ion pairs per 
micron of water. Lightly filtered 
200-kvy X-rays are specified because 
most of the available human data are 
based upon this energy level. 

Fast neutrons pose a particular prob 
lem because of their implication in the 
increased incidence of cataract among 
some of the cyclotron workers and the 
survivors at Hiroshima and Nagasaki 

For whole-body exposure to fast 
neutrons, an RBE of 10 is applied 
For specific ionization levels in the 
range of alpha particles of radioactive 
substances circa 5,000 ion pairs 
micron of water), an RBE of 20 is 
recommended 

Basic maximum permissible dose. 
1. Long-term exposure to X-rays: The 
critical organs are the blood-forming 
organs, the skin, the gonads and the 
lens of the eye. The handbook recom- 
mends that weekly doses to these tis- 
sues not exceed about 300 mr (except 
600 mr for skin). This leads toffa 
weekly maximum permissible dose for 
whole-body exposure to X-ray of 300 
mr measured in air in the region oc- 
cupied by the person. Weekly means 
seven consecutive days. These levels 
are conservative and yet realistic. It 
should be emphasized that 300 mr/week 
is a maximum figure; it is advisable to 
keep one’s exposure as much below this 
as feasible 

Long-term exposure to any types of 
tonizing radiation: The increasing use | 
of a wide variety of ionizing radiations 
and the fact that there is no large body 
of human data available, except from 
Hiroshima and Nagasaki, makes the 
establishment of permissible weekly 
dose here more difficult. The sub- 
committee uses the RBE that applies 
to the most critical organ and effect | 
under the conditions of whole-body 
exposure 

For adults under 45 years of age. the 
maximum permissible total weekly 
dose is 300 millirems for the blood- 
forming organs, the gonads, and the 
lens of the eye, and 600 millirems for 
the skin 

For adults over 45 years of age, the 
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& SINCE 1915 LEADERS IN AUTOMATIC CONTROL 


GYROS 


at 10-G 
acceleration 


Possible 
acceleration 
force 10-G 


The gyroscope in a missile guidance system must be able to 
withstand acceleration forces up to 10 G's in any direction. 
This gyroscope, designed and developed by the Guided Mis 
sile Development Division of the U. S. Army and the Ford 
Instrument Company, will function under this acceleration, 
rests have shown these gyros to be accurate to 1/50° per hour 
drift, or better. 

For forty years, Ford has been building gyroscopes, at first 
for navigation devices, later for stabilization in many fire con 
trol problems. Ford designed and manufactured gyros have 
been in the stabilization systems of heavy battleship guns 
in missiles and torpedoes and in delicate airborne instruments 
Stable platforms and guidance systems have been outstanding 
achievements of Ford Instrument Company engineers 

Since 1915, the engineers at Ford Instrument Company have 
specialized in such equipment as computers, controls, and 
servo-mechanisms in hydraulics, electronics, mechanics and 
magnetics for the Armed Forces and for industry. If you have 
problems in any of these fields, it will pay you to discuss therm 


with Ford engineers. 


2 FORD INSTRUMENT COMPANY 


| DIVISION OF THE SPERRY CORPORATION 
J 31-10 Thomson Avenue, Long Island City 1, N.Y. 


| 


ENGINEERS 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for infermation 
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TUBE FITTINGS 


NO SPECIAL TOOLS NEEDED. 


NO FLARING OR THREADING 


From stock or on special order, you can 
get Swagelok Tube Fittings in any metal 
you require ranging from titanium to 
brass — in fact, any machinable metal 
or plastic. When you use Swagelok Tube 
Fittings every joint is leakproof. No 
bothersome small leaks to cause shut- 
downs. Tubing is rigidly supported, 
thereby avoiding vibration. No torque 
is transmitted to the tubing. Swagelok 
Tube Fittings can be used on heavy or 
thin wall tubing of every tube material, 
including plastic. Plus the fact that 
Swagelok joints are easier and faster 
to make, Get the facts now. 

FREE: For complete information write for 
the Swagelok catalog. Address Dept. 412 


CRAWFORD FITTING co. 


permissible weekly dose is double these 
values. For minors, one-tenth of these 
values is allowed, except for the lens of 
the eye 

To facilitate the e 
dose for different specific ionizations 
the the 


pression of tissue 
subcommittee recommends 
continued use of the rem One rem is 
the quantity of any ionizing radiation 
that 


biological system on a gram basis by 


such the energy imparted to a 
the ionizing particles in the region of 


interest has the same biological effec 
tiveness as an absorbed dose of 1 rad of 


X-radiation with 
ization of 100 ion pan 


average specific ton 
per micron ol 
vater in the same region 

In this 


print on p. 77 under 


connection, there b + m 


conversion Tne 
tors for radiation of high specific lon 
’ since dose dose in 


RBI 


ization in rem 


rad) a 


High-Energy Accelerators 


By M. STANLEY LIVINGSTON ([interscience 
Publishers, Inc., New York, 1954, vii + 157 
pages, $3.25). Reviewed | Mitton G 
W arre, Palmer Physical Laboratory, Prince 
ton University, Princeton, N. J 
Professor Livingston, the author of 
this little 


accelerators 


interesting book on high 


energy has been in the 
forefrontof accelerator design beginning 
with the first eyclotron that 


ik. O. Lawrence and he built in 


Professor 
1930 
More recently, the author played a key 
role in the early design stages of the 
successful Brookhaven 3-Bey 
Cosmotron. Thus it is unnatural 
that one-third of the book is 


devoted to a description of the Cosmo 


highly 
not 
about 


tron and also the powerful, alternating 


gradient focusing principle of which 
Professor Livingston was a coinventor 

One unfortunate result of the small- 
the book is the 
treatment given to the whole field of 
other 


very important topics, such as aperture 


ness of very cursory 


linear accelerators and several 
requirements of circular accelerators 
mechanical and electrical tolerance re 
quirements, and shielding. However 
the author has succeeded admirably in 
packing a great deal of factual material 
the 


merely indicate that accelerator design 


into a few pages and omissions 


become so complex as to 


book for 


has now 


require a large adequate 
treatment. 


The first chapter gives a very brief 


iglimpse of the exciting new particles 
| . 
the hyperons and A-mesons, which lead 


high-energy physicists to strive for ever 
higher energies and for ever higher 
budgets. 


Chapter 2 is devoted to a simple, but 
clear, mathematical discussion of the 
orbit 
circular 


constant-gradient 
Chapter 3 is 
with the electron synchro- 
the 


problem of 

accelerators. 
concerned 
while Chapter 4 


BY nechrocyelotron 


tron describes 

A quite different approach to high- 
energy particles is that of the linear 
accelerator. 
briefly 
this type ol 


In Chapter 5 the author 


sketches the early history of 


device and in seventeen 
pages manages to touch upon a few of 
the difficulties and problems that de- 
signers have had to overcome. 

Chapter 6, on the proton synchro- 
and 


for those who want merely to gain a 


tron, is very good as far as it goes, 
general feeling for the problem this is 

Most 
were overcome are given 
so that 


gains a reasonably accurate impression 


of the major prob- 


lar ¢€ nough 
} 
I 


that 
sufficient 


ems 
mention the reader 
of the over-all balance of factors 

The last chapter gives a clear treat- 
ment of the alternating-gradient focus- 
ing principle that is revolutionizing the 
design of very -high-energy accelerators. 


Those who are at home with the con- 


stant-gradient type of focusing field 
may find the new principle physically 
somewhat unsatisfying, for not only 
are the equations of motion more com- 
the 


are more ubiquitous. 


regions of 
Par- 
ticularly elusive is the momentum com- 


plex but in addition 


instability 


paction factor that so drastically re- 
the 
More attention to this point will be 
The 


a knowledgeable 


duces required radial aperture. 
welcomed by the average reader. 
chapter closes with 
discussion of some of the constructional 
and engineering problems yet confront- 
ing the designer. A final curve shows 
the energy of accelerators rising more 
or less exponentially from 1930 to 1954, 
a curve that the author wisely refrains 
Yet it is difficult 


to believe that man is getting close to 


from extrapolating. 


the energy limit dictated by economies 
Perhaps this 
stimulating book in the hands of engi- 
will 


or common prudence. 


neers and graduate students 


catalyze the next surge forward. 


Feedback Control Systems 


By GILBERT H. FETT (Prentice-Hall, inc., New 
York, 1954, ix + 361 pages, $10.00). Re- 
viewed by J. M. Harner, Remote Control 
Division National 
Lemont, Ill 


engineering Argonne 


Laboratory 


The book 
up-to-date methods of feedback-con- 


very ably develops the 


trol-system analysis and synthesis. 


The 


lrequency-res ponse approach is 
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ised and, in analyzing examples in the 
text, the Nyquist Criterion for system 
Mathematical 


knowledge required for a grasp of the 


stability is stressed. 
ntents consists essentially of differ- 


ential equations, but a background 


ourse in either complex variables o1 
transients in which the transform theory 
is developed would add to the student's 
ibility to understand the mathematical 
cle elopments associated with the meth- 
xls of analysis. 

The text is well arranged with each 
of 
currently in writing technical papers 


important method analysis, used 
on the subject, developed in a logical 
The ol 


method is demonstrated by the use of 


equence usefulness each 


examples, and the explanations were 
found to be both clear and interesting. 
The author has pointed the contents 


The 


it analysis of all types of systems. 


two chapters are devoted to dis- 


cussing the basic ideas of control and 
obtaining the expressions for transfer 
ol 


stem components, 


functions various commercial con- 


trol-s\ As is fitting 
1 feedback-control-system study, am- 
are The 
function of the Amplidyne, Rototrol, 
und Regnlix units in the rotating ampli- 


lifiers stressed. transfer 


fier class are obtained as well as those 
for magnetic and hydraulic amplifiers. 

In chapter 3, system analysis begins 
with the transient study of a simple 
servomechanism and proceeds to the 
steady 
ered using the Routh-Hurwitz criterion 
ind the evaluation of roots of the poly- 


-state analysis. Stability is cov- 


nomial resulting from the system equa- 
tion. This is followed in chapter 4 
with the Nyquist criterion using G and 
useful 


inverse-G-plane diagrams. A 


two-page summary of Nyquist loci 


shapes is included. This criterion of 
stability is then presented in the fre- 
quency plane and a second table of 
polar-G-plane versus frequency-plane 
plots for typical elements is given. 
Jeginning with chapter 5, the less 


of 


discussed and examples 


known methods examining 


st abilits 


well 
are 
clearly establish the useful- 
With the Routh 


as a starting point, relative 


are used to 


ness of each method. 
criterion 
stability is related to the location of 
roots and the Root Locus method is 
explained. This chapter is of particu- 
lar interest to those engineers already 
the 


criterion and who want to go further 


familiar with Nyquist stability 


into system analysis. 
Two more chapters complete the 
text. Chapter 6 deals with analysis 


and synthesis of complex systems. It 
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From Protective Film Badges 
to a complete 
Nuclear Laboratory... 


NUCLEAR-CHICAGO 
instruments provide 
maximum efficiency 
and lab performance 


ne 
a 


There is more than convenience in being 
able to secure all your nuclear instruments 
and accessories from a single source... 
Nuclear-Chicago units are matched to 
give you maximum versatility without un- 
necessary extra equipment or overlapping 
functions—and accessories have been de- 
veloped for perfect integration with the 
instruments, 


Keeping in step with the swift progress 
of nuclear research, Nuclear-Chicago has 
developed standard instruments for just 
about every radiation counting require- 
ment. For special techniques and unusual 
applications, our engineers will work 
directly with you to provide matched 
Nuclear instrumentation to fit your speci- 
fic requirements, 


Scalers for every radiation 
counting requirement 


Complete Automatic Sample 
Changing System 


Scintillation Well Counters for 
biological and medical re- 
search 


Count Rate Meters for moni- 
toring and analytical work 


[el F| Portable Survey Meters 


for all types of radiation 


Nuclear Instrument and Chemical Corporation, 
235 Weat Erie Street, Chicago 10, Illinois 
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aK nuclear - chicago 
4 
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serves to consolidate the methods of 
inalysis developed previously in the 
text. The last chapter then deals 
vith nonlinear-system analysis. This 
chapter is certainly worthy of study by 
both control engineers in the field and 
students who want to do advanced 
analytical work associated with this 
practical class of feedback control sys- 
tem. The phase plane is stressed, and 
| variations suggested by recent papers 


on the subject are covered 


' 
} 
| The book contains material of inter- 


lest to all grades of control engineers 
A very well set-up group of control 
| problems is included in each chapter 
The bibliography at the end of each 
chapter provides an excellent and con- 


cise reference list. Many of the less 
Zinc Bromide in optical grade solution has been demon- ise reference | lany - 


strated to be an effective answer to the problem of shielding significant papers are omitted, making 
viewing windows. Michigan Chemical Corporation, for |it easier for the student to obtain 
twenty years a quality producer of chemicals, offers a prompt | pertinent information without under- 
supply of this compound. Michigan Chemical Zinc Bromide 
now in use has proved satisfactory, and complies with all 
AEC specifications 


Write us for further information, BOOKS RECEIVED 


and a reprint of an article from 

NUCLEONICS entitled, “Design Mass Spectrometry, by A. J. B. Robert- 
and Construction of Shielding son, John Wiley and Sons, Inc., New 
Windows” | York 1954, iv + 135 pages, $2.00 


MICHIGAN CHEMICAL CORPORATION T'o he reviewed. ) 


Saint Levis, Michigen 


going a difficult process of elimination 





Isotopic Gas Analysis for Biochemists, 
by R. F. Glascock, Academic Press, 
New York, 1954, villi + 247 pages, 
$5.80. To be reviewed.) 


The Radimax Counter offers more a a tee ae ee 
than 20 different counting systems* | N. Severud weg ste "F. Merrill 


R teinhold Publishing Corp., New York, 
NOW. . .ONE UNIVERSAL SCINTILLATION hl amannaa ie time aes 
Solves ALL Nuclear Geology, Henry Ford, Editor, 


| reviewed. ) 
John Wiley and Sons, Inc., New York, 


Your Counting Problems ('.;;;*"'~""" 


Directional | Handbook of Radiology, R. H. Mor- 
Gamma Counter gan, Editor, Year Book Publishers 
MODEL CS-100 shielded = ine., Chicago, 1955, x + 518 pages, 
collimated detector with =| <1 () (\() 
variable aperture for : 
Windowless small areas or sample 


|\Industrial Automatic Controls, by 
Sample Change counting. Con also be . 
MODEL CS-5 for f used unshielded. Millard H. LaJoy, Prentice-Hall, Inc. 


somple counting. : New York, 1954, ix 4 278 pages, $6.65. 
Alpha, beta and All-purpose Survey Unit This book is an introductory text to 
gemma phosphors vy re a. pneumatic, hydraulic, and electronic 


may be used , pw 
interchangeably. atc been controls and their applications. Theo- 
retical aspects are discussed in the last 
"illustrated are just 3 of many counting heads ovoilable. two chapters 
WRITE TODAY FOR FREE | Relativity for the Layman, by James 
CATALOG AND PRICES. | A. Coleman, William-Frederick Press, 


| New York, 1954, xii + 131 pages, $2.75. 
IN 


6427 ETZEL AVE. In nontechnical terms, the author ex- 


fy instrument Co. ST. LOUIS 14, MO. plains the Special and General Theories, 


atomic and hydrogen bombs, and the 
formerly Nuclear Research and Development Unified Field Theory. 
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Glass Reinforced Plastics, Philip Mor- 
gan, Editor, Philosophical Library, Inc. 
Lliffe & Sons Ltd., London), New York, 


1954, vii + 248 pages, $10.00. Poly- | 


esters, phenolic, epoxide, silicone, 
melamine, and furane resins and their 
use for bonding glass fibers are de- 
scribed, as well as manufacturing meth- 


ods and applications. 


Jet—the Story of a Pioneer, by Frank 
Whittle, Philosophical Library, Inc., 
New York, 1954, 320 pages, $6.00. 
The author describes his work in devel- 
oping jet-powered aircraft. 


From Classical to Modern Chemistry, 
by A. J. Berry, Cambridge University 
Press, New York, 1954, xii + 251 
pages, $4.75. This book augments the 
author’s earlier historical treatment, 

Modern Chemistry—Some Sketches 
of Its Historical Development,” with 
chapters on theory of heat, electricity 
and electrolysis, optics, molecular 
theory, analytical chemistry, chemical 
formulae, valency, and kinetic 


chemistry 


ALSO OF NOTE 


U,O,—Formula for Profits. This 32- 
page reprint from the Sept. ’54 “ Engi- 
neering and Mining Journal”’ discusses 
prospecting for and mining uranium 
ore on the Colorado Plateau, economics 
and technology of ore processing, and 
legal problems. ‘‘Engineering and 
Mining Journal,” 330 W. 42nd St., 
New York 36, N. Y., $0.40. 


Thermal Conductivity of Metals and 
Alloys at Low Temperatures (NBS Cir- 


culor 556). Prepared by the NBS- | 


AEC Cryogenics Laboratory of the 
NBS Boulder Laboratories, this 68- 
page circular includes tables of thermal 
conductivity and 48 graphs from room 
temperature to about 0° K. Govern- 
ment Printing Office, Washington 25, 
D.C... 80.40 


Precision Laboratory Standards of 
Mass and Laboratory Weights (NBS 
Circular 547). Superceding chapters 
6, 7, and 11 of Cireular 3, Circular 547, 
by T. W. Lashof and L, B. Macurdy, 
presents NBS specifications for pre- 
cision laboratory standards and other 
laboratory weights; it also discusses 
the regulations and weight-calibration 
service of the Bureau. A series of 
publications is planned, covering the 
subject matter of Circular 3. Govern- 
ment Printing Office, Washington 25, 
D. C., 80.26 
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EKCO 


electronic scaling equipment 


AUTOMATIC SCALER TYPE 550 This new Ekco Automatic Scaler will 
time a pre-determined count or count for a pre-determined time; it can 


also be manually operated. It incorporates a stabilised high voltage supply 


| for polarising a Geiger-Muller Probe or Scintillation Counter, an input 


| amplifier and a pulse-height discriminator. With the addition of a 


suitable radiation counter it forms a complete counting or timing equip- 
ment. Operates from mains of 110-120 volts or 200-250 volts and is 


available for 50 or 60 cycles. 





The new Ekco Type N550 Scintillation Counter, shown alongside the 
Scaler, measures radioactive materials, in liquid or powder form, in the 
milli-microcurie range. For this purpose, it offers about twenty times 
the performance of a Geiger-Muller Counter, giving approximately 
three times the background count from | milli-microcurie of Radio- 
iodine. Used in leading hospitals, this equipment ensures both accuracy 
and speed with a minimum of skill. Type N550 operates with any Scaler 
which incorporates a pulse-height discriminator and provides H.T,, 
L.T. and H.V. supplies. 


Write for the complete 

catalogue of Ekco Nucleonic 

and Electronic Equipment, 

including Scintillation Counters, 

Scaling Umts, Counting 

Ratemeters, Radiation Monitors, . 
Vibrating Reed Electrometers, 

Geger-Muller Tubes, Lead e e C r 0 nl | C § 


Shielding, Linear Amplifiers, 
Power Umts, Complete Counting 


Installations, Thickness Gauges f E) EKCO ELECTRONICS LT0., SOUTHEND - ON - SEA, ESSEX 








US. Sales & Service: American Tradair Corp., 34-01, 30cS Street, Long Island City 6, New York, USA 
Canadian Sales & Service: Canadian Aviation Electronics Led., 6214, Cote De Liesse Road, Montreal, Quebec 
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LET TERS 


Radiobiology Symposium 


Dean Sin 


Iam writing about H. M. Patt’s re 


port of the radiobiol ymposium at 
Liege (NU, Dee. 54, p. 42 It might 
interest your readers to know that the 
Belgian ponsored thi 
meeting, that I organized it, and that 
the this sympo 
(attended by 125 people) are edited by 
P. Alexander and myself 
book of 370 
(London) and 
York) and 


February. 


government 


proceedings of jum 
publi hed (a 
pages) b Butterworth 
Acade nic Press New 
this 


will be available 


M. Baca 
sity of Liege 
ege, Belgium 


Radioresistance 
Dear Sir 


I find that an 

original manuscript of the article 
Affect Micro 
NI Jan 


ment appears 


erro! 


Processing Condition 
organism Radioresistance 
55, p. 42) . Che state 
just above Eq. 1 on p. 42 


where it says 


“from the hydroperoxy! free radical 
(HO,) “a 


.. The statement 


powerful reducing agent 


read 1 


should 
powerful oxidizing agent.” 
Another correction could be made in 


the last sentence in italics on 


45... The reference 


be 7 instead of 6 


page 
number should 

S. A. GoOLDBLITH 
Departme nt of Food Tech nology 


Massachusetts Institute of Technology 


Cambridge, Massachusetta 


Hazard Defined 


Dear Sir: 


It has been suggested that [the fol 
lowing discussion of the definition of 
hazard| would be of interest to those 
engaged in the radiation-effects field 
The opinions or assertations contained 
herein are the 
author and are not to be construed as 
reflecting the official views of the Nay j 
Department. 

1. One of the most loosely used terms 
in radiation-effects work is the 
“hazard.”’ This term is used by 
investigators in describing the tolerance 
or threshold dose for a particular type 
of damage from a certain ty pe of radia 
tion. By others it is used to represent 
the amount of radiation to which an 
individual is 


exposed 
82 


private ones of the 


word 


some 


regardiess of 


whether or not the radiation field 


produce any significant damaging 
effects. 


no hazard 


According to other definitions 


f 


can exist if the radiation 
field is too low to produce severe effect 


2. Although this 


exists in other branches of study, the 


Same contusion 


problem of clarity in definition is pa: 


ticularly serious in nuclear radiation 


studies, where radiations § differing 


widely in nature and effect are never 


theless measured in common units 
Thus, the biological effects of external 
beta 
lated to the biological effects of exter- 
Although both 


types of radiation produce ionization 


radiation are only remotely re 


nal gamma radiation 
the extent of which may be measured 
roentgen equivalent physica 

affected ana 
the body 


radiation 


in rep 
the regions of the body 
the 

differ 
is penetrating, 


consequent result on 


drastically. Gamma 
produces ionization 
and 


eflects Beta 


throughout the body thus pro 


duces direct systemic 
radiation is completely absorbed in a 
superficial layer of tissue whose ma 

is small relative to the total mass, and 
thus beta radiation can produce onl 

surface burns. Consequently, the 
effects o 
must be considered separately. 
the 


“hazard,” 


the two types of radiation 
Those 
relative beta and 


who compare 


gamma under a particular 
set of circumstances, strictly upon the 
basis of the relative beta and gamma 
dose are as much in error as those who 
compare the relative ‘‘ hazards” on the 
basis of the respective tolerances, re 
gardless of the magnitude of the doses 
to which an individual may be exposed 

3. In other words, although the beta 
hazard to an individual is obviously 
dependent upon the amount of beta 
radiation to which he is exposed, it is 
also dependent upon the extent to 
which he is affected by beta radiation 
applies for 


If, then, the 
critical dose, C, is defined as the thresh- 


A similar relationship 


gamma-radiation hazard. 


old dose for a particular type of dam- 
age, the hazard, H, from any dose, D 
be defined as the fraction of the 
Hence, Hg 


and the ratio 


may 
critical dose received 

Dsg/Cg and H, = D,/C, 
H,/H., can be used to obtain an indi- 
cation of the relative importance of the 
beta versus the gamma radiation under 
any particular set of circumstances 


4. As 


fined as 


may be noted, hazard is de 


a dimensionless number lf 


it is appreciably less than unity, the 





all risky. If it is 
much greater than unity, the situation 


situation is not at 
is dangerous indeed. Since the term 
s dimensionless, it may be used to com- 
pare risks from all types of unrelated 


sources, not only from the various 
types of radiation, but from radiological 
bacteriological 


versus chemical oO! 


agents. Ina purely military situation, 
1Or example & commander can numeri- 
cally compare the casualties he can ex- 
pect in trying to cross an open con- 
taminated area in the face of heavy 
gunfire versus the casualties he can ex- 
pect if he digs in and is exposed to a 
radiological dose for a longer period of 
time 


5. Before a 


the hazard in a 


value can be assigned for 
ny particular situation, 
it is of course important that the critica] 
dose for the particular source of hazard 
be clearly established. For each source 
of hazard, several critical doses may be 
radiation, 


needed €.g Lor gamma 


critical doses include the daily maxi- 
mum permissible exposure, the thresh- 
old dose for acute casualty production, 
the midlethal 
effect of 


Since the 
the 
same for all 
HT in the 


considered 


dose, ete. 


deviations from 
the 


values of 


slight 
critical dose is not 
sources of hazard 


vicinity of unity must be 


carefully. Thus, an external 


dose 10-20 % greater than the midlethal 


gamma 


dose may produce a large increase in 


the number of fatalities, while an 





NEXT MONTH 
The April issue of NUCLEONICS 
will include articles describing: 
Intercomparison of neutron 
detectors, by H. H. Rossi 
et al. 
Graphic survey of how radio- 
tracers are used in refinery 
control, by D. E. Hull. 
D-c amplifier designed spe- 
cifically for reactor control. 


New application of scintilla- 
tion counters to medical P** 
assay. 

Pulse analysis method for 
determining makeup of a 
radionuclide mixture contain- 
ing low-energy emitters. 
How argon treatment makes 
scintillators perform better. 
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ENLARGED VIEW 


> 


ANNOUNCING — An Improved UHF 


Discoidal Feed-thru Capacitor 


Feed-thru filtering . . . to prevent high frequency stray cur- 
rents from passing from shielded areas over the power sup- 
ply circuits... is a ‘‘must"’ in television receivers, radar, 
and other high frequency equipment. 





The new Allen-Bradley discoidal feed-thru capacitors trap 
such stray currents by providing a low resistance path thru 
the shield for power currents and a low impedance coupling 
to the shield for diverting undesirable, high frequency 
currents. 








Because these tiny discoidal capacitors (over-all length— 
23/32 in.) are so well constructed, you need not worry about 
breakage which might result from assembly line handling, 
contact with soldering irons, and thermal shock incurred in 
soldering operations. 








In the frequency range between 100 megacycles and 1000 
megacycles (VHF and UHF television), tubular type feed-thru 
+ - capacitors have been found unsatisfactory because of paral 
| ; lel resonance effects resulting in high ‘coupling impedances." 
200 








Allen-Bradley discoidal feed-thru capacitors do not exhibit 








4 4 such resonance effects at frequencies of 1000 megacycles 
<00 600 | or less. 





100 


Frequency in Megocycies Per Second 
The absence of these parallel resonance effects and the rela- 
Discoidal vs. Tubular Feed-thru Ceramic Capacitors tively high capacitance values with resultant low coupling 
Curve A— 1300 MMF of 1 KC Actuel impedances make Allen-Bradley discoidal feed-thru capaci- 
ro B— 1600 MMF ot | KC Actual tors ideal for ultra high frequency television receiver applica- 
Curve (— 1400 MMF at 1 KC Actual tions. Measurements have shown improvement in filtering of 
ve D— 1500 MMF ot | KC Actuel more than 20 db through their use. 


Allen-Bradley Discoidal Type 


Representative Tubular Type . 


oe E— 1000 MMF at | KC You should be interested! Write for Bulletin 5420 covering 


The “Ideal” Capacitor 2 
Curve F-—2000 MMF ot 1 KC feed-thru and stand-off capacitors. 


Allen-Bradley Co., 106 W. Greenfield Ave., Milwaukee 4, Wis. © In Canada—Allen-Bradiey Canada Limited, Galt, Ont. 


See Allen-Bradley exhibit at IRE Engineering Show-Booth 794 


ALLEN-BRADLEY 


RADIO, ELECTRONIC AND TELEVISION COMPONENTS 
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high-speed 
microoscillograph 


flat response to 
ten thousand megacycles 


Central Research Laboratories’ High-Speed 
Microoscillograph makes single-sweep oscillograms 
of three simultaneous phenomena at frequencies up 
to 10,000 megacycles. With a high sensitivity of 
0.2 volt per trace width, this is the ‘instrument of 
choice for recording phénomena occuring in time 
intervals of 10-* to 10-!® second 

Electromagnetically focussed beams, 0.01 
millimeter in diameter, write directly on a 
photographic plate inserted into the vacuum 
chamber through a vacuum lock. One plate holds 
27 oscillograms with no overlapping. A complete 
cycle of photographic plate changing and 
reestablishing operating vacuum takes less than 
5 minute 

6 individually-shielded deflecting systems ar« 
provided: 3 signa time. Signal deflecting systems 
are of traveling-wave type with a nominal 
impedance of 50 ohn 

The instrument complete with all necessary 
pumps, gages, and power supply circuits weighs 
700 pounds on a caster-mounted chassis of 
26” x 36" x 76 





For complete information, write to 


osm Cole Raa 


laboratories, inc. 


INVEST IN 


ATOMIC SCIENCE 


through a MUTUAL FUND 





ATOMIC DEVELOPMENT 
MUTUAL FUND, INC. 

is designed to provide a managed 
investment in a variety of 
companies participating in activities 


resulting from Atomic Science. 


GET THE FACTS AND FREE PROSPECTUS 


ATOMIC DEVELOPMENT SECURITIES CO. 


033 Thirtieth Street, N. W., Washington 7, D. C. 
Gentlemen: 
Please send me my FREE PROSPECTUS and other important 
information on the Atomic Development Mutual Fund, Inc. 





as 7 





OE 


City 





Beer eee ee ee wwe nee 


equivalent increase in the midlethal 
dose for total-body external beta radia- 
tion may produce little change in the 
number of fatalities. Only when values 
of H differ appreciably from unity do 
they give an unequivocal insight into 
the true importance of any particular 

situation 
6. In summatr if hazard is defined 
as a dimensionless ratio between an 
expected dose and a critical dose of the 
same type, the term can be used to give 
a realistic comparison of the relative 
importance of various unrelated risks. 
It is particularly important that this 
be done to avoid the confusion that 
has arisen in nuclear radiation studies 
because radiations differing widely in 
nature and effect are measured in com- 

mon units 
\. Broo 


U.S. Naval Radiological Defense Laboratory 


San Francisco, California 


Intensity Calculations 
DEAR Sik 


The article ‘Calculation of Radia- 
tion Intensity by I. G. Dillon (NI 
May ’54, p. 19) has raised some ques- 
tions that require an answer on our 
part. 

In a previous article (“Analysis of 
tadiation Fields of Two Gamma- 
Radiation Sources,” NI Jan. °54 
p. 40), Lewis, Nehemias, Harmer, and 
\lartin have summarized certain meth- 
ods of estimating dose rates in regions 
urrounding hollow cylindrical sources 
of radiation. These methods were 
then applied to the calibration of two 
particular sources In general, two 
different approaches were used in the 
estimation of dose rates. The first 
was to consider the source to be trans- 
parent to its own radiation, and the 
econd was to consider self-absorption 
by the material of which the source was 
made. Experimentally measured dose 
rates were then compared with the 
mathematical correlations 

These mathematical developments 
have been questioned by Dillon, and 
the authors are presenting herewith a 
clarification of some points of the earlier 
irticle Dillon states, ‘‘ However, the 
authors feel that the calculations pre- 
sented here are much simpler and more 
vccurate for wide ranges of variables 
than those presented by Lewis.”’ Dil- 
lon objects to the use of elliptic inte- 
grals and states . . suchcomplexity 
is unnecessary for radiation received at 
a point p along the vertical axis of the 

linder cavity 

Near sources that are assumed to be 
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transparent, elliptic integrals are re- 
quired for the estimation of dose rates 
t all points not on the axis of a hollow 
cylindrical source. If one is interested 
in points on the axis of the cylinder, he 
may either develop another equation 
based on the special location of the 
ixis, or he may observe that on the 
xis of the cylinder, the elliptic inte- 
grals degenerate to circular angles. 
Dillon is correct but redundant in 
stating that inverse trigonometric func- 
tions are adequate to describe the 
special ease of dose rates on the axis. 
The authors were aware of the develop- 
ment described by Dillon, but were 
interested in dose rates not on the axis 
of their sources. Moreover, the ex- 
pressions developed for dose rates in 
the regions surrounding hollow eylin- 
drical sources can be shown to degener- 
ate into simpler mathematical forms 
hen the source of radiation is con- 
idered to be a line, or when the source 
becomes very long with respect to its 
radius and with respect to the radia! 
distance of the receiving point. In 
ddition, simplified expressions result 
when the point receiving the radiation 
on the mid-plane of the cylindrical 
vurce, when the radial distance of the 
eiving point becomes very great 
with respect to the axial dimension of 
e source, and when the axial dimen- 
on of the receiving point becomes 
great with respect to other dimen- 

ions involved. Other degenerate 
forms can be derived by manipulation 
of the elliptic integrals employed for 
hollow cylindrical sources, but space 
not permit detailed discussion of 
point. There are limitations, 
however, to the utility of the idealized 


neepts under discussion, regardless of | 


iathematical form, since (a) the source 
issumed to have no thickness; (b) 


source is assumed to be transparent; | 


nd (c) secondary effects attendant 
on absorption are neglected. 
We believe that the supposed coim- 
plexity involved in using elliptic inte- 
ils is more imaginary thanreal. One 
can look up and use elliptic integrals 
vith the same facility and convenience 
s the case with ordinary trigonomet- 
functions, provided only that tables 
ire available of these integrals, such as 
the tables of Jahnke and Emde.* 
The second general approach etm- 
ed by the authors was to consider 
f-absorption in a hollow cylindrical 


' 
irce of finite thickness. This case 


Jahnke, F. Emde, * Tables of Func- 
with Formula and Curves,” 4th ed 
Dove New York, 1945 
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ATOMIC AGE 
OPPORTUNITY 
FOR YOUNG 


ENGINEERS! 


Here’s your opportunity to get 

an early start in nuclear engineering 

— obtain experience that will help you 

build a career in tomorrow’s age of atomic power. 


We immediately need a number 
of young engineers to speed our development 
program on a nuclear engine for aircraft. 


To be considered, you must 

have at least a B.S. degree from an accredited college 
and up to 5 years’ professional experience. Previous 
nuclear training is desirable but not essential. 

There are innumerable personal 

advantages in working on this project — 

working for the world’s foremost designer and 
builder of aircraft engines. 


So write today! It will pay you to investigate! 


Aeronautical Engineers .Metaliurgists 
Mechanical Engineers Chemical 
Engineers + Engineering Physicists 


. please send your complete resume to 
Mr. P. R. Smith, Office 13, Employment 
Department. 


PRATT & WHITNEY 
AELRCRAPFT 


Division of United Aircraft Corporation 


East Hartford 8, Connecticut 





HAND AND CLOTHING 
MONITOR TYPE 1319 


Designed in conjunction with the 
Atomic Energy Research Establishment, 
Harwell, the monitor Type 1319 is of 
advanced design and gives a positive 
and rapid check of contamination on 
hands and clothing due to alpha, beta 
or gamma active deposits. Large area 
scintillation counters are used for the 
hand check, Geiger counters and small 
scintillation counters for clothing. The 
meter reading is shown in “tolerances ”’ 
and a bell warning system operates in 
the case of excessive contamination 


@ Scintillation and Geiger counter sys- 
tems. @ Alpha and Beta|Gamma probes 
@ Suitable for operation in most climates 
@ Conforms to British Inter - Service 
Specifications. 


The 1319 is one of a range of nucleonic instruments 
designed and manufactured by Burndept Limited 
We welcome enquiries for any form of laboratory o7 
industrial nucleonic instrumentation 

For further particulars, write to Dept. N 


BURNDEPT LTD - NUCLEOWICS DIVISION - ERITH - KENT - “ENGLAND 





EDGERTON 
GERMESHAUSEN 
and GRIER, INC. 


‘i offers excellent opportunities to Senior ELEC- 
TRONIC ENGINEERS who have a background of de- 
sign and development of test equipment, including ex- 
perience in pulse techniques. Junior Engineers who have 
skills in this field are also required to assist in our long 


range program 


SENIOR TUBE ENGINEER ... . fine opportunity 
for a man who has the proper background in the develop 


ment of Special Tubes 


Edgerton, Germeshausen and Grier is a steady-growth 


company firmly established in the instrumentation field 


working closely with the A.E.C. Our plants are located 
in Boston, Massachusetts and Las Vegas, Nevada. 


Send resume to or contact Personnel Manager 
160 Brookline Avenue, Boston 15, Massachusetts. 











was studied only on the axis of the 
cylindrical source. The expression de- 
veloped for the dose rate due to an ele- 
ment of volume of the source could not 
be integrated in closed form, and con- 
sequently recourse was taken to a series 
expansion and integration term by 
term, a total of three terms being em- 
ployed. The convergence of the re- 
sulting series of integrals will now be 
discussed, since this development was 
also questioned by Dillon. See Eqs. 
6, 7, and 8, and Fig. 3 of the article by 
Lewis, et al. The notation used here 
is defined as for the previous article. 

A series expansion of the exponential 
in the integrand of Eq. 7 is uniformly 
convergent for finite values of the 
exponent, which result from finite 
values for wu, p, r, m1, Z, Z:, and for r 
hounded away trom zero. In addition, 
only nonnegative values of the exponent 
will be considered. The product of 
the exponential series and finite con- 
tinuous factors not functions of the 
number of terms taken will not effect 
the convergence of the series. _Conse- 
quently the series expansion of the 
integrand may be integrated term by 
term, and the series of integrals will 
converge uniformly to the integral of 
the series. See Courant t and Kaplan. f 
One may also consider Kq 6 to repre- 
sent a volume integral, which will have 
a value no greater than the product of 
the maximum value of the integrand 
and the magnitude of the volume over 
which integration is conducted, as 
pointed out by Piranian.§ The maxi- 
mum value of the integrand will be 
bounded by virtue of the uniform con- 
vergence of the series over the region 
in question 

The integrand series is alternating 
and for nonnegative alues of the 
exponent, up (7 r;) ese @, the inte- 
vral series will also be alternating 
This circumstance provides a means of 
testing rapidity of convergence of the 
ntegral series. The series is uniformly 
convergent, hence absolutel con- 
ergent, and is also alternating If 
in addition, the absolute value of each 
successive term is less than that of the 
preceding term, then the error incurred 
by approximating the sum of the series 
by a partial sum is less in absolute 


value than the first term neglected. 


t R. Courant 
Caleulu 
London and Gl 

tW Kaplar 
p. 171, 177, 2nd 
Ann Arbor, 1051 
eG Pirania 
1954 
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Such a circumstance may be difficult 
to predict in general, but one would 
anticipate that it would prevail if 
pw pl(r r,;) ese @ < 1 holds, since this 
would result in a ratio of less than 
unity for the integrand series of this 
problem. This equation permuts a pre- 
liminary estimate of the probable con- 
formity of the integral series to the 
alternating series test. A final check 
can be achieved by numerical calcula- 
tion of the terms of the integral series. 
If these decrease in absolute value for 
successive terms, then the preceding 
method of estimating error applies. 
In the calibration work reported 
earlier by the authors, the three-term 
approximation to the exponential was 
reported only for those locations in 
which the preceding test for rapidity of 
convergence could be applied. It is 
recommended that some such check be 
applied to any contemplated applica- 
tions of such a series expression, 
J. G. Lewis, J. V. NesweMias, 


D. E. Harmer, anp J. J. Martin 
Engineering Research Institute 

University of Michigan 

Ann Arbor, Michigan 


AUTHOR'S REPLY: Thank you very 

much for sending me copies of your 

letter. . . In the first place, there is 

little disagreement in our thinking. In 

regard to the complexity of use of 

liptic integrals, if tables in the form 

f Jahnke and Emde are available, they 

be used with facility by most 
entihe personnel, 

Next, insofar as to the validity of 

he three-term expansion Is concerned, 

true as you mentioned in the con- 

gence equation of your letter, that 

ilue of the exponent is less 

the series converges rapidly 

succeeding term is less than 

ceding one, so the error incurred 

glecting any term is less in abso- 

ilue than the term neglected. 

er, in many cases (and this was 

the actual fission-product 

discussed by Loeding, et. al. 

calculations of radiation in- 

“| it to be near the opti- 

value of the exponent 

) exceeds one. Thus, 

mvergence is very slow for 

alues above one, three terms 

idequate 
Ina G. DILLon 
Chemical Engineering Division 


irgonne National Laborato 7] 
Lemont, Illinois 


ng, bk. J. Petkus, G. Yasui, 
Preparation of a fission- 
kilocurie radiation source, NuUCLE- 


pon 12, No. 5, 15 (1954 
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TABLE OF CHAMBERS 
FOR USE ON 


VICTOREEN 
CONDENSER R-METER 











Energy of 
Roted Intended Elecwons 
Accuracy Uses Well 3 te 


Meterial T 
x a reverse 
(Medel 70) | (Kev eff) Wall (Kev) 








LOW ENERGY CHAMBERS 


Bross plus 
4-8 Nylon Wind. - 175 to .190 


110% 10-30 Nylon -175 te . 190 





MEDIUM ENERGY CHAMBERS 


t10% W -400 Bokelite 
110% 30-400 Bokelite 
tion 30-400 Bokelite 
110% 30 -400 Baokelite 
110% 3 - 400 Bokelite 
110% 30 -400 Polystyrene 


t 2% 30-400 | Reuelie® 


Bokelite* 
Nylen 


Bokelite* +175 te 
Nylon 190 


110% ® -400 Polystyrene 044 
10% 30 - 400 Polystyrene | Approx. .018 


ta 3 - 400 


£2% 30-400 


HIGH ENERGY CHAMBERS 


+ 5% 400 te 2000 Nylon Approx. 9.7 
a 7 400 te 2000 Nylon 1.75 te 1.90 
ss 400 to 2000 Nylon 0.44 to 0,48 


ISOTOPE ASSAY CHAMBER 

110% 1-131 4 Bross 
Au-198 
SKIN EQUIVALENT CHAMBERS 


c t10%* K 
0.25 0.0c5 10% Mined odapak 


2.5 0.1 t10%° Bete Kodapek 
































25.0 10.0 +0x* Gemma Kodopok 


Ee SS 





*Discontinued. 


**These intensity limits are based on full scale reading and may 
be increased if readings less than one half scale are taken 


tSold only with understanding of limitations. 


@This rated accuracy is based on use with a protective plastic 
sleeve 1/16” thick. 
Reprints of this chart will be furnished free upon request. 


INSTRUMENTS DIVISION 


The Victoreen Instrument Co 
5806 HOUGH AVE. * CLEVELAND 3, OHIO 





Working 
with the atom 


Dr. Philip Miller 


| roductive research and develop 


ment is nothing new to Philip Mil 
ler who's been at it since his grad 
uate days at Yale (BS '34, D.Eng 
38). His first “real” job was with 
Tennessee Valley Authority; he 
directed pilot plant and 
development in 

cals and fertilize: 


State he took a leading part in 


technical work that led to current 
widespread use of ammonium ni 
trate. Recognizing his leadership 
in process 
tracting alumina 
American Institute of Chemical 
Engineers voted him the William 
H. Walker Award in 1946 


At WALTER KIDDE NUCLEAR LAB 
ORATORIES, Dr. Miller is 
tory Director. Under his 
physicists, chemical engineers and 
chemists, mathematicians, 
lurgists and other 
plore such problems as the 
opment of a 
power 
ultra-high flux heat transfe1 a 
field in WKNL has pio 
neered., Or developme nt of rugged 
detection devices for atomic bomb 
test work. 


Pritip Miller i one of many 


nuclear specialists working at 
WALTER KIDDE NUCLEAR LABORA 
TORIES at Garden City, L. L. He 
and his associates will gladly tall 
with you about 
tions of nuclear technology in you 
industry. 


process 


inorganic chemi 


development for ex 
from clay, the 


Labora 
direction, 


metal 
specialists ex 
devel 
portable nuclear 
source for industry UOT 


which 


possible applica 


WALTER KIDDE 
NUCLEAR LABORATORIES, 
INC 


975 Stewart Avenue 
Garden City, Long Island 


Patents __ 





Cation-Exchange Well Logging 


Although well logging by measuring 
natural gamma activity distinguishe 
shale from limestone or sandstone, it 
fails to distinguish between limestone 
and sandstone or to differentiate types 
of shale strata adequately One can 
not always recognize the same geologi 
cal formation in related wells nor ob 
tain information useful in secondary 
recovery and acidizing operations 
2.691.109, issued to George 


In U.S 
B. Bernard and assigned to Pure Oil 
(’o., formations can be distinguished 
the cation-exchange capacities of 
the clays forming part of the forma 
with radio 


tions In contacting clay 


| 


nitrogen-labeled ammonium chloride 





!Neutron 
“T effect 


—+ 


Natural ft roys 


intensity 


Rodiation 


Scattered source 
photons 


025 050 075 
Lead-Shielding Thickness (in.) 











tion chambers provides 


cathode gaseous-discharge 


ATTENUATION of 
neutron well logging 


“ray components in 


Neutron Well Logging 


Neutron logs 
source of 300-500 me of radium mixed 


with powdered ber 


well made wit! 


Hum, permit neu- 


Gamma-Ray Detector 


U. 8. 2,692,339, issued to Ernest 
Franklin and assigned to the National 
Research Development Cor Londo 
England), describes a gamma-ra 

tector that, by means of three ioniza 
uniform sta 
three different 


tistical accuracy for 


counting rates. 


its own c 


tube 


Each chamber triggers 


immonium ions quantitatively 
1OnDs Su¢ h “iS Ca’ r Na and K* 
After flushing 


' 
repiace 
with water to remove 
the activity of the clay 


Other 


excess solution 


measured useable radioac- 


tive materials are radionitrogen-labeled 


ammonium acetate and radiobarium- 


labeled barium acetate 


\ I-hr contact time is sufficient for 
complete cation exchange Clay de- 
posited over a considerable area during 


i given sedimentation period has 


the same cation-exchange capacity 


throughout the area, regardless of its 


ucceeding environment changes, and 


produces the same characteristic varia- 


tions on lows | 


of neighboring bore holes. 


tron-activated gamma-ray measure- 
strata 


tered gamma radiation of the source’s 


ment of the However, scat- 


products introduces con- 


daughter 
particularly since the 
with the 


siderable error 
borehole 

thickness, 

density of the fluid in the well, ete 


scattering vanes 


size, rock density casing 
The solution to the problem sug- 
S. 2,691,741 
bert Swift and assigned to Well Sur- 
a detector shield that 
scattered 


radiation with much less effect on the 


gested in U issued to Gil- 


veys, In utilize 
greatly attenuates gamma 
neutron-activated gammas (see graph) 
In the design described here, an ioniza- 
pe detector is shielded 
steel 


tion-cham ber-t 


by a material enclosed in a 
envelope 

Although a number of shielding ma- 
terials are suggested, the two claims in 
directed to 


i binding metal 


this patent are tungsten 


sintered with such as 


( Oppel 


outputs ol all three tubes, integrated 


separately, operate a single meter 


Che statistical accuracy is propor- 
tional to the square root of the product 
of the counting rate and the time dur- 


ng which the pulses from the tubes 
When the counting 
a different tube 
correspondingly altered 


that the 


ire integrated 
rate is changed is used 
inte- 


statistical 


with a 
grating time, so 
accuracy is the same for each of the 


three tubes. 
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NEWSMAKERS 


Curtis A. Nelson has been named direc- 
if AEC’s new Inspection Division, 
eated under section 25c of the Atomic 
Energy Act of 1954. He will report 
lireetly to the general manage! 
Robert C. Nelson succeeds him as 
inager of the Savannah River Oper- 


tions Office 


Niels Bohr has submitted his resigna- 
tion to the University ol Copenhagen 
Denmark. His son, Philip Bohr, is ex- 


pected to succeed him. 


Wilbur B. Pings now heads Vitro Labo- 
itories’ department of chemical re- 
earch and development. He was re- 
earch director for Air Products, Inc 


Lawrence C. Widdoes has returned to 
\lonsanto Chemical Co. to take charge 
lesign of a large dual-purpose reac- 
Since August, 1953, he has been 
eave of absence to serve as project 
gineer on the University of Michigan 
earch reactor, Russell B. Mesler 
eeds him at Michigan. 


Joseph Silverman, formerly a staff 
pl cal chemist, has been promoted to 
| of the research department, labo- 
division, for Walter Kidde 


iclear Laboratories Inc. 


James Schulman, R. J. Ginther, C. R. 
Horner, C. C. Klick, S. C. Rainey, 
J. Cryden, L. W. Evans, A. Lovoff, 
W. F. Gray and R. Alger have received 
Department of Defense awards total 
ng $2,400 for developing the glass dog- 
tag dosimeters now being distributed to 
al and military personnel. Devel- 
ment was carried out primarily at 
al Research Laboratory (NU, Oct 


Gordon Dean, former AEC chairman 
vith Lehman Brothers, has been 
elected to the board of directors of 


Ketay Instrument Corp. 


M. D. Hooven, Public Service Electric 
| Gas Co., Newark, N. J., has been 

nominated as president of the American 

Institute of Electrical Engineers 


Roy B. Snapp, formerly secretary to the 
Atomic Energy Commission, has re- 
ned as assistant to AEC Chairman 
rauss to establish his own office with 
firm of Gall, Lane and Howe in 
shington. He will specialize in 


egal aspects of atomic energy 
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Whether You Need 


Ph-f-f-f-t 
or 


Ph-f-f-#-1 


«+» you can reach and hold your working vacuum 








faster and at lower over-all costs with 


BEACH-RUSS 
ROTARY VACUUM PUMPS 


_— ——_ 


They cost less to operate absolute, éry of 
. semi at i 
because of sturdier a 
construction, unique design 
and superior mechanical Beach-Russ 
Type RP Pumps 
for vacuum of 
10 microns or 
better on dry of 
semi -wet work 


efficiency. Whether you need 
fore-pumps to get ready 

for ultra-high vacuum, or 
where vacuum in the range 
from 10 microns or less 

and 5 mm is satisfactory, 
Beach-Russ Rotary 

Vacuum Pumps will 


best meet your needs. 





WRITE FOR CATALOGS ON BOTH TYPES | 
Address Department 66 


BEACH-RUSS COMPANY 


50 Church Street «+ New York 7, N. Y 











PRODUCTS 


Aj NUCLEONICS 
Special Survey 





THE TABULATION of disposable air fil 
ters presented here is the result of a 
Nucieonics survey of air-filter manu- 
facturers. All of the filters listed may 
be regarded as being disposable, or 
having disposable media, although some 
were designed to be washed and reused 
This is not a complete listing of all 
filters available 

These filters are useful in a large 
variety of situations where radiopar 
ticulates must be removed from air 
Consideration must be given to the 
particle size expected, since filter effi 
ciency is a function of particle size 
(even chicken wire is 100% efficient for 
baseballs). Even in situations where 
a filter of high efficiency for l-u par- 
ticles is called for, it may be economical 
to precede it with a lower efficiency 
filter to reduce the burden of larger 
particles in the air 

The footnote to the table gives fur- 
ther information about the efficiency 
tests used for the tabulated filters 
Standard texts describing the tests are 
in the bibliography (1-8 

No attempt has been made to indi 
cate corrosion resistance; this is affected 
by many variables, Some judgement 
can be made from the construction 
materials listed for each filter. Most 
suppliers offer special materials as 
required, 

Some firms surveyed offer filter 
media only, and thus are not included 
However their products are useful for 
laboratory-designed filters. Included 
are: 

Metal Textile Corp., Roselle, N. J 
(Knitted wire of any metal that can 
be drawn.) 

Millipore Corp., Watertown 72, Mass 
(Cellulose-ester papers with pore sizes 
as low as 0.45 yp.) 

Otto H. York Co., 6 Central Ave., 
W. Orange, N. J. (Knitted metal mesh 
for entrained-liquid filters 


Other Air Cleaners 

In a survey of this limited scope, 
many useful and important air-cleaning 
devices are necessarily neglected 
Equipment such as scrubbers, cycloni: 


92 


ann MATERIALS 


Disposable Air Filters 





Pressure drop 
at rated flow 
Neu Rated ce? Replace- 
filter Dimensions flou Neu ment 
Supplier’ s cost Width Ht. Depth Wt fU/ (in. of (in. of 


address Model* (8) in (in i min) water) water) 





American Air Amerglas 2! y 1,000 
Filter Co., A-5OFG2 27 «(36 1,000 
Louisville, Ky. PL-24-G : ; } 1,000 





Cambridge Filter 1A-25 16 neg 30 
Corp., LA-1000 75 ¢ 1,250 
738 Erie 1A-250 35 24 3.6 1! 250 
Blvd., E. Syracuse, 43A-35 53 : 24 «ii 3 1,000 
New York 13A-85 57 : ; : ‘ 1,000 

13A-95 58 2 1,000 





Continental Air CA-24 30 2 1,000 
Filters, Inc., DY 6 2 2! : 1,000 
2520 Helm 8t., 
Louisville, Ky. 





Drico Industrial 
Corp., 

559 W. 35 Bt., 
New York, N.Y. 





Flanders 2) ' 3,6 33 30 
Mill, Inc., 57 5 60 
Riverhead, 2F 2 ; bg 1,000 
New York f oo 30 


vi~0 


1,200 





Fiber Glass Div., Ss , 1,000 
Pittsburgh Plate 600 
Glass Co., 1 Gat 

way Center, 

Pittsburgh, Pa. 





P. M. Lennard, 
671 Bergen St., 
Brooklyn, N.Y. 





to 


Mine Safety Ap-  E-! 8 ow 3.0 
pliances Co., SK, 1.5 
201 N - 3: . 57 20.0 
Braddock Ave., 6 , 2 ‘ 37.0 


Pittsburgh, Pa. 


~ 


to we t 





Research Products 20! 
Corp., 202 
1015 EK. Wash- 205 
ington Ave., Mad- 

ison, Wisconsin 





Wilson & Co., 
4,100 8. Ashland 
Ave., 

Chicago 9, Ill. 





* Most manufacturers listed make many more models than the representative ones that 

+t Efficiency of an air filter is meaningless without specification of the method by which 
and ASHVE tests use standard dusts, measure efficiency by means of weight; DOP test 
dust, measures efficiency by blackening of dust spot 
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Efficiencyt 


Measured 


value 
(%) 


Dust load at 
replacement 


(grains) 


How 


measured 


Filter 


construction 


Filter medium 


Sell 


alone? 


Maz. 
Temp 


(°F) 


Cost 
($/ft) 


Remarks 


Other media 
available 





85 
91 
92 


AFI 
NBS 
AFI 


Coated glass. 
144-u glass fibers 
Bonded glass. 


Yes 
Yes 


Yes 


Deep Bed, 


250 Pleated frame 


25G,, 75 and 1OOFG; 
Airmat paper 





99 
99 .¢ 


DOP 
DOP 
DOP 
NBS 
NBS 
NBS 


Cellulose-asbestos ; 
kraft-paper separators 


All glass; 
Al separators 


Yes 


220 


Replacement 
250 cartridges, 
$12-16 


All-glass, 


Al separators, 





6,000 
3,500 


ASHVE 
ASHVE 


Nonhygroscopic 
synthetic fibers; 
steel frame. 


220 
220 


Pleated Al frame 





ASHVE 
ASHVE 


Glass fibers. 





DOP 
DOP 
DOP 
DOP 
DOP 
DOP 


Glass fibers; 

Al separators; 

steel frame. 

CWS #6; 9-pt kraft 
paper separators; 
wood frame. 


1,000 Tightly pleated 
medium 





AFI 


Glass fibers ; 
tin plate and 
paper frame 





Com- 
pared 


FG25, 
FG50 


Lead-lined 
cartridge 





700 
500 
7,000 
14,000 


DOP 
DOP 
DOP 
DOP 


Silened CWS #6; 
cardboard separator; 
wood frame. 


180) 1,000 
offered 


F model 


ke glass fibers 





7,200 
5,760 
4.350 


Weight 
200 mesh 
dust 


Expanded kraft 
paper. 


Washable Al 





ASHVE 
ASHVE 


Animal hair; 
cardboard or wire 
frame. 


150 Sizes to 40 in 
square 





ire listed here 
measured 


uses uniform 3-» dioctyl-phthalate smoke, measures efficien: 
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Write supplier for further information 
Standards for the tests are given in the bibliography as follows 


AFI, 


, ABHVE, (6), DOP, (7%), NBS, (4 


with instrument that measures light-scattering; NBS test uses atmospheric 


In brief: AFI 
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aaa 


NUCLEAR PHYSICS 
Just Published! 


Treats subject iv 
priate for a vast 
flux and de 
metruments an 
sults and 
semiempirical thee 
systematics of nucle cu 
and compares the predict 
ment, and reflects all ma 
in field, By A. I 

Physics, Florida 
ilus., 99.00 


imte 


5S. Creen 
State Univ 








I, 


APPLIED X-RAYS 
Fourth Edition Just Published! 


Foremost authority a h 
results with 

tee hag ses for 
trial uses, Covers 1 
types «f apparatu 
paeatiqe problem ' 
nology 

of materials 
Chem., Univ 
illus., $12.50 


modern X-ra 


to physi 
medicine ne ' are 
Prof. of 
pp 415 


By G I Clark 
of Ill, 4th Ed. 843 











RADIATION BIOLOGY 

Vol. 1—HIGH ENERGY RADIATION 
Explores fully dirvet and indires Hee 
of high ‘ covering | 
the temporary 
effects from ph 
pecially the biolos 
phasis is upon cyt vd genetic 
aspects of radiation lamage Fdited by 
A. Hollaender, Dir. of Biol. Div Oak 
Ridge Nat. Lab. 1201 pp., illus., $17.50 


Vol. 2—ULTRAVIOLET AND RELATED 
RADIATIONS 

JUST OUT! Cow effec 
radiation many 
Investigation ange 
photoche mistry to 
cal applicatio 
eteragy to 
and chromos 
vertebrates ‘ 
Cytochemical methods ar 
study of biol 
Close attention 


535 pp., illus., 


enere 


ne p 


iru Dbact 


gical effect e¢ “wn 
Edited by A. Hollaender 
$8.00 











INTRODUCTION TO 
NUCLEAR ENGINEERING 


Gives an understanding of the 
neering problems encountered in the auclear 
energy field. Include ur f ' n 
clear cham reactor, : liat 
shielding 
tol 
chemical proce mm of rac 

remote handling iipm 

cial engineering probles ( mor 
examples. By Richard Stephenson 

ing Engineer. 387 pp 


unique engi 


Also cover 


Consult 
135 illus., $8.00 








BOOKS eer 


THESE 
—— "ee 


10 DAYS FREE 
McGraw-Hill Book Co, Dept. Nu-3 
330 W. 42 $t., NYC (36) 

Send me book checked f< 
examination on app 
remit for book 
delivery costs and f 
postpaid, (We pay ce 
with this coupon am t 
{[) Green Nuclear Physics $9 
t) Clark Applied X-Rays $1 
[] Hollaender— High Energy 


Radi thons 


| Hollaender 
Stephe neon 
$8 K 
(Print) 
Name 
Addre aa) 
City 
Company 
Position 
For price 
Craw-Hill 


Ultraviolet Ra 
Intro. to Nuclear 


liation 


Eng’« 


and te 


Int'l N.Y 4 
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| cipitators 


| 
| 





cleaners, washable filters, electric pre 
etc. 


ences given (J A 


are discussed refer 
Manufacturers of high-efficiency ele: 
trostatic filters include: Air-Maze 
Corp., 25000 Miles Rd ( leveland ‘) 
American Air Filter Co 


2076 


Louisville, Ky 
Elston Ave 
Ine O00 

Rocks, Pa 


Sturte 


tadex Corp., 
Chicago 14, I Trion 
Island Ave., McKees 
Westinghouse Electric Corp 
Hyde Park 

Western 


Ninth St 


soston 36 


Cory 


ant Division 
Mass. : 
1004 W 
Calif. 


Other manufacturers of air-cleaning 


Precipitation 


Los 


Angeles 15 


| equipment who responded to the sur 


| 
| 


ey are 
Air Devices 


New York 17, 


In 
N. 3 


185 Madison Ave 


Agitair wash 


lable viscous impingement filters 


3 New York 7, N. Y 


175 Fiftl 


apillars 


Air & Refrigeration Corp 
Ave., New York 17, N. ¥ (( 
air washers.) 

Akron Rubber Co Warren 


Pliotron self 


35 st 
charging electrostatic filters of shredded 
polyethylene ) 

~~ es 
nla each 


Department 
42nd St 


Copies of this survey, at 10 ¢ 


he oblained from Reprint 


VUCLEONICS, 880 We 
York 36, N. ¥ 
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RADIATION DETECTORS 
AND ACCESSORIES 


Three New Instrument Lines 


Curtiss-Wright, El-Tronics and Nu 
of America offer 
of detectors and related instrument 
The latter two firms ha 
line of 
Curtiss-Wright 

laboratory and prospect 


this kness 


leonic Co new i€ 


ve a redesigned 
prospecting counters, 
is offering 

ng col 


ar 


a beta gage, 








Dependable 
low-cost 
personnel 
exposure 
monitoring 
instruments 


For 


gamma 


sealed, 


mo 


range. 


KELEKET 


POCKET 
CHAMBERS 


K-700 Pocket Chamber 
(AEC #PIC-2E) 


monitoring exposure te X-or 
radiation. Completely 
unoffected by at- 
200 


charged on 


unit is 
conditions. 
4” « ” dia. 


spheric mr. 


K-430A Charge-Reader. 


K-300 Slow Nevtron 
Pocket Chamber 


(AEC 


#PIC-53) 


Measures exposure to slow or ther- 


mal neutrons. 
creas of source 
in transit. Also 
200 mr, 


charged on K-4 
Write for F 


KELEKET 


266-3 W. 


range. 


Use for monitoring 
carrying containers 
to plot Isodose line. 
4” « i” 


30A Charge-Reader. 


dia. 


REE Bulletin! K-300 


Instrument Division 
Fourth St., Covington, Ky. 





| PROOF 


/—T-RAY PROOF 
AAT SOLID LEAD 
| BLOCK 
| [Type 52 
_- HIGH DENSITY 
GLASS BLOCK 
[TYPE 34| 

*SS,. FRAME 


RAY PROOF 
colada near +*HIGH DENSITY 
4 1 CONC. BLOCKS 
[TYPE 5i] 
aw 


HOT CELL WALL SECTION 


de 


Our materials are 
signed to meet your 


shielding specifications. 


iy 


RRY 


WE SOLIC 


} 
ET 


TREET. NEW Re 


IT YOUR INQUIRIES 
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under license from the German firm 
of Frieseke and Hoepfner 
@ Curtiss-Wright beta gage with a 





swinging plate’’ capacitor and null- 
seeking circuit has a guaranteed accu- 
racy of 0.5% at mid-range. No d-c 
amplification is used in circuit. Only 
2-3 me of radioisotope are used in the | 
special source holder with adjustable 
iperture that allows Tl** to be | 
used for 4-5 yr. Another product | 
s a combined scaler-ratemeter using | 
the EIT decade counter tube. Maxi- | 
mum counting speed is 2 x 10° eps} 
ind high voltage is supplied at| 
300-3,000 v. 


meter, the Radiameter, is powered 


A pocket-sized survey 


°e” | 

by a single 40-60-hr-life flashlight 
, ° . | 

Vibrating transformer ups 
Meter is water- 


battery. 
the voltage to 700 v. 
proof, weighs 2 lb, and has scales 
The Radia- 


has earphone indication of | 


to 25 mr/hr and 1 r/hr. 
tector 
activity. Geiger tube is in a long 


probe. Same power supply used | 
for Radiameter powers Radiatector 

Other products of nuclear interest are 
a closed TV system, an ultrasonic 
materials tester and an ultrasonic | 
cleaner.—Curtiss-Wright Corp., Carl- | 
stadt, N. J. 

e The El-Tronies prospecting coun- | 
ters range from a pocket-sized, ear- 
phone-indicating Geiger counter to 
1 scintillation detector for car or| 
verial surveys. Between the two are | 
Geiger models with headphones and | 
flashing lights, flashing light and dial, | 
ind three-range dial plus external | 
hand probe. Some models can be 
equipped with a well-logging probe. 
Three scintillation counters for area 
complete the line.—El- 


Tronics, Inc., Fifth and Noble St., 


surveys 





Philadelphia 23, Pa. 
® Model RM2N Geiger counter has 
scale reading to 0.25, 2.5 and 25 


mr/hr, also 500-50,000 cpm. Neon-| 
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You're looking into a‘“‘hot’’ lab 


through a Corning Radiation Shielding Window 


You can see clearly through this observation window and still be perfectly 
safe from gamma radiation. 

Corning Glass Works offers you three kinds of glass especially developed 
to absorb radiation and still give workers complete and permanently 
clear visibility. 

Corning Code 8365 is a non-browning stabilized lime glass with a density 
of 2.7 and refractive index of 1.52. 

Corning Code 8362 is a non-browning stabilized lead glass of extremely 
high transmittance with a density of 3.3, a refractive index of 1.59, This 
glass matches dense concrete in shielding protection 

Corning Code 8363 is a special high lead glass with a density of 6.2 and re- 
fractive index of 1.98. This glass approximates the shielding protection 
of tron. 

These glasses have been installed in windows with a total glass path 


exceeding 200 density inches. 


Design and Specifications 
You can get completely assembled windows, filled with index oil, ready for 
installation in wall openings. Individual pieces of glass are available in face 
sizes up to 70” x 100” and in thicknesses up to 9”, Or, you can obtain design 
assistance from Corning for any window size or style 
For performance data on Corning Radiation Shielding Glasses, write to 


Atomic Energy Sales Department. We'll give your request prompt attention. 


Technical Products Division 


¥ CORNING GLASS WORKS 


33-2 CRYSTAL STREET, CORNING, N. Y. 


Conung meand esearch im Glesd 





Basic Decade Scaler 


A High-Speed Scale-of-1,000 Unit 
for Proportional, Scintillation, or GM Counting 


F.0.8 
INDIANAPOLIS 


$645.00 


@ Plug-in scaling assemblies 

@ High-Precision built-in timer 
@ Optional high-voltage ranges 
@ 2 microsecond resolution time 


@ Rapid-reset, six digit register 


FREE CATALOG 
Catalog N-8 covers NMC's complete line of 
nuclear instruments 


Foremost Manufacturer of Proportional Counters 


ie 


Nuclear Measurements Corp. 


eeeeeoeoeeeeeveeeeeeeeeeeeeeeeeeeeeeee eee eeeeeeeeeeeeeeeee 


2460 w. agtinctom ave. « INDIANAPOLIS 18, ino. 





FILM BADGE SERVICE 


OUR FILM HOLDERS HAVE 


1. Step shields of proper materials to pe 

mit aceurate evaluation of both X and 
gamma-radiation The patented features of 
our original X-ray Film Holder have 
maintained.* 

2. A self-loading feature 
to be changed by the user 
posed films need be returned 
5. An attractive 
will not harm clothing 


WE: ALSO OFFER 


@ NEUTRON FILM BADGES 


@ FINGER TABS for 
the hands 


@ FILM BADGE STORAGE RACKS 
@ SPECIAL DOSIMETRY SERVICE PLANS 
@ 24-48 HOUR SERVICE 


@ AIR MAIL REPORTING which 
laboratory to your door 


hime 
the ex 


which all 
Only 


appearance and a clip that 


measuring exposure to 


brings ovr 


Write fe 
*U.S 


Re \ RADIATION DETECTION 
e> COMPANY. 3276 COLLEGE By 


a _ 
‘ J Our mradacl 


detad 


Patent 2,624,846 








METER-RELAYS 


For Sensitive and Accurate Control 
RANGES: 


0/20 Ua. to 
0/50 A. 
0/5 My. 
0/500 V. 
The trip point 
is adjustable to 
Model 261-C Range 0/200 DC any point on 
Microompores Price $33.00 the scale orc. 
These meter-relays are sensitive to 
changes of as little as 1%. One con- 
tact is carried on moving pointer. The 
other is on a semi-fixed pointer. When 
two pointers meet contacts close and 
lock. Holding coil is wound directly 
over moving coil. Reset can be man- 
val or automatic. Spring action in 
contacts kicks them apart forcefully. 





to 


Three sizes of clear plastic case models, 


212, 3% and 41 inches (all rectangular) 
Two ruggedized and sealed models, 
22 and 3'2 inches (round metal cases) 
Contact arrangements: High Limit Sin 
gle, Low Limit Single or Double (both 
high and low). Contact rating is 5 to 
25 milliamperes D.C. 

Suggested circuits for meter-relays and com 
plete specifications including prices are cov 
ered in new 16-page Bulletin G-6, which you 
con get by writing Assembly Products, Inc 
Chesteriand 28, Ohio 

Booth 311, |. &. £. Show, March 21-24 


light and headphone also respond 
tube 
is mounted on 3.5-ft cable. Model 


RDN has internally mounted tube 


to radiation signals. Geiger 


and no meter. The Geiger flasher, 
REFN, has only headphone indication 
Batteries are externally mounted. 
Nucleonic Co. of America, 196 De- 


Graw St., Brooklyn 31, N. Y. 


Scintillation Counters 


These two survey scintillation meters 


are for field use. Both use Nal 
crystals. 

e Time constants of 0.2, 1.0, and 25 
the Scintilla- 
Crystal 


photomultiplier are shock mounted. 


sec are selectable on 


scope (above, top). and 
Five range switch selects counting 
rates 100 to 0-10,000 
Ore calibration provided. 
Weight is 6.5 lb. Fisher 
Laboratory Inc., 1961 
Ave., Palo Alto, Calif. 

® Having a 1.5 in. crystal, the model 
111B 


bottom) 


from O cps. 
scale is 
Research 


University 


portable scintillator (above, 
can be used for aerial sur- 
veys. Meter has an mr/hr and a per 
cent scale for U in ore determination. 
Precision 
Radiation Instruments, Inc., 4223 W. 


Jefferson Blvd, Los Angeles 16, Calif. 


Instrument weighs 744 Ib. 


Miniature Power Supply 


Weighing only 6.5 oz, the Vibra-Tran 
supplies a no-load voltage of 2,200 v 
at 12 megohm impedance, from flash- 
Unit 

vibrating at 70 eps. 


light cells. works from reed 
Because of very 
high harmonics on secondary voltage, 
Ripple on 700-v 
d-c output can be <I mv. Output 


voltage range is 650—1,450 v at 10-110 
March, 1955 - NUCLEONICS 


filtering is simple. 





depending on input. Circuit is 


hown in Nuc ieonics, June ’50, 
56.—Edko Electronics Engineer- 
ng Co., 202 Grand St., Brooklyn 11, 


x 


Versatile Ratemeter 


Discriminator-controlled ratemete 
RM-1B 


pm and 


above) has range of 100-10 


discriminator to set muini- 


mum signal amplitude recognized. 


Probable error may be selected as | 
s,orl10%. Alarm circuit will actuate 


built-in relay at selected rate 


Veter 


any 
will count + or pulses or 
Model RM-1B- 


103 has high-voltage power supply 


ne-wave signals. 
ind amplifier, plus above features. 
Measurement Corp., 140 
New Haven, Conn. 

s 


'¥ { hnical 
State St 
Double-pulse generator. Producing 
two rectangular pulses of independent 
PC- 
OOA generator has time markers at 1, 
Oand 100 usec, for 0-10 v amplitude. 
Pul 
frequency adjustable from 50-50,000 
pps. Paired-pulse interval is ad- 
ustable 5-5,000 ysec.—Tele- 
tronics Laboratory, Inc., 54 Kinkel 
St. Westbury, N. Y. 


mplitude and polarity model 
with 


se amplitudes are 0-75 v, 


from 


flip-flop. Operating 
the Z-91000 flip-flop 


15-contact 


Etched-circuit 
it 0-100 ke, 
into 


plugs standard 


prit ted 


| connector. It re- 


at 3.5 Unit 
Keco Production Co., 


circuit 
200 vy 


weighs 1.5 oz 


d-c ma. 


quires 


$27 8S. Vermont Ave., Los Angeles 5, 


LABORATORY INSTRUMENTS 
AND APPARATUS 


Redesigned Vacuum Pumps 


of jets replaces conventional 

one to increase air-flow cross sec 

und thus up capacity of Ring-Jet 
fusion and booster pumps. Typi- 
capacities of new pumps in ft? 
If-in. diffusion—11,000 at 
booster-760 at 50 yw, 1,400 


ultimate pressure of 0.06 yu 


are 

uw; O-1n 
it 15 7 
Because there is no increase in oil 
olume vaporized, no additional heat 
Diffusion pumps 


ire sized } 6, 14, 
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nput is required. 


10, and 16 in.; 


| 


do 
you 
know 
this 
man? 


Here’s his dossier 


Graduate Ikneineer, in 


his thirties. Lost in a 


large engineering 


Marrte d has 


group. 
rood 

paying 10b but no future. 
Could co far with right 
creative 


opportuni for 


work 


engineering 


If you know this man, tell 
him to communicate with 
|. M. Hollyday, De pt. N-5, 
The Glenn L. Martin 
Company, Baltimore 3, 


Maryland 


Subject: Exciting new long range 
dei elopme nts at Martin which 
have created many exceptional 
opportunities in Nuclear 
Engineering and Controls on 


projects of the highest prtority 


and promise 
P.S. He 


may be you, 


MVE ZA FET 8 


BALTIMORE: MARYLAND 





Welch TWO-STAGE DUO-SEAL. VACUUM PUMP) 2: pump» are sized 4, 6, 10, and 


For Large Vacuum Systems, or Fast Evacuation 
HIGH VACUUM—0.0001 mm Hg. or 0.1 Micron 
LARGE CAPACITY —FREE AIR CAPACITY 375 Liters Per Minute 


PUMP REVOLUTIONS—-300 RPM—MOTOR *%, HP—1725 RPM 


Exceptionally 
Quiet Operation 


Removes Vapors 
Speedily and 
Effectively 


Patent No 
2337849 


COMPACT 
Size 26 « 14) x 18h 
inches 


BKelt-tightening 
Provision 


Extra Supply o 
Duo-Seal Oil 





1397B. DUO-SEAL PUMP, motor-drive 
For 115 Volts, 60 Cycles, A.C 
March 21-24 ri Includes Belt Guard 


COMPLETE $575.00 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 


1515 Sedgwick St., Dept. NU 


Manufacturers of Scientific Instruments and Laboratory Apparatus 











Chicago 10, Illinois, U.S.A. 











MILLI- MICRO- MICROAMMETER 


Measures D.C. currents from 
3 X 10°" to 10°‘ amperes 
in 15 calibrated ranges 
* Direct Reading * 
* Very Low Drift * 
HIGH ACCURACY—input voltage .25 millivolts, full scale all ranges 
SELF CONTAINED: Operates on 115 volts, 60 cycles, 70 watts 


EASILY OPERATED: Built for research and production line uses. Jacks 
provided for driving recorder or oscilloscope.—Low time constant. 


SCIENTIFIC SPECIALTIES CORP., snow & Union Sts., Boston 35, Mass. 








MULTIPLE SAMPLE PLATE HOLDER 303 

oP The 12 cavity helder provides protection and a safe means of 
carrying the sample from the laboratory to the counters. Cor 
rosion-free life is assured, since the plexiglas holder has con 
cooled stainless steel hinge pins. The two-diameter, sample 
plate hole fits both | inch ond 14% inch plotes. An additional 
tweerzer hole, facilitates easy handling of the somple pilotes 
DISTRIBUTOR FOR .. Standard Glove Boxes «+ One or 
Twe inch Leed Shielded Remote Control Boxes « Designs 
proven by 8 yeors intensive use + Microchemice! and 
Radiochemical Glessweare 


INQUIRIES INVITED 


THE HAMILTON COMPANY 


1134 WHITLEY STREET + WHITTIER, CALIFORNIA 


16 in.—Stokes Machine Co., 5500 
Tabor Rd., Philadelphia 20, Pa. 


With re- 
Ventigard 


Distilled-water air filter. 
placeable cartridge, the 
removes all particles above 0.2 micron 
and gases including CO, from air 
entering distilled-water tanks. Car- 
tridge lasts for 60 days or 1,000 gal of 
water. Unit is made for metal and 
glass tanks, can be added to present 
ones.—Barnstead Still and Sterilizer 
Co., 222 Lanesville Terrance, Forest 


Hills, Boston 31, Mass. 


Internal-standard flame photometer. 
For determining Na, K, and Li, the 
Norelco flame 


known amount of Li to unknown and 


photometer adds a 


measures ratio of Na or K to Li. 
Sensitivity is adjustable from 5 ppm 
to 10 milliequivalent/! Na or K., 
Single specimen is used for both Na 
and K. 
are provided, 
Philips Co., 750 8. 
Mount Vernon, N. Y. 


Separate sensitivity controls 
North American 
Fulton Ave., 


fH RADIOACTIVITY MATERIALS 
fs AND APPARATUS 


Particle Accelerators 


A portable Van de Graaff, and two 


linear accelerators have been an- 
nounced as commercially available. 

e Portable 1-Mev Van de Graaff for 
industrial radiography, is 6-ft long 
by 3-ft diameter Weight is 2,500 lb. 
The focal spot is %4-mm diameter 
allowing use for 5-in.-thick metal with 
times. A 4-7-Mev 
Beam 


short exposure 
linear accelerator 18 available. 
power is about | kw in the range 4-6 
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Mev. 
flexibly mounted at a distance from 


Unit is compact and can be 


ts r-f power supply and controls. 

High Voltage Engineering Corp., 7 
University Rd., Cambridge 38, Mass. 
e The 4-Mev Orthotron has an ad- 
justable diaphragm to define beam. 
Machine (p. 98) swings in 135° are. 
Unfiltered X-ray output is 330 r/min 
it | 
focal spot is about 5 mm.—Metro- 
politan-Vickers Electrical Export Co., 
Corner, 1-3 St. Paul’s 
London, E. C. 4, 


meter from target. 


St. Paul’s 
Churchyard, 
England. 

» 


High-specific-activity isotopes. 
Cyclotron-produced isotopes of high- 
pecific activity are available. Ac- 
tivities are: Fe®-10 c/g, Cr*®'-50 e/g, 





Machine 


National Radiac—only manufacturer of a complete line of 


SCINTILLATION CRYSTALS and EQUIPMENT 


® Sodium lodide (TI) 


® Scintillation Heads 


® Magnetic Shields 
® Anthracene 


® Plastic Scintillators 


for RADIOACTIVE ASSAY 
Model SM-2 


Manual Sample Changer attachment 
holds scintillation counter and crys- 
tal detectors. Provides two inches of 
lead shielding. Holds standard 
planchets. Counts gamma _ rays, 
alpha, beta particles, neutrons, pro- 
tons, x-rays, etc. Samples to be 
counted may be raised into the 
shield to a predetermined position 
with relation to the scintillation 
counter. A printed scale and adjust- 


able stop insures reproduceable 
measurements. Extremely versatile. 
Uses same scintillation head as 
other accessories. 


Zn®-20 e/g. Other 
radiogold colloids, activated-I human 


products are 


SCINTILLATION HEAD 


Incorporates the most advanced cir- 
Other cyclotron iso- | cuit for scintillation counting. Com- 
N : V Philips- plete set of interchangeable accessories 
“re r and a variety of crystal detectors are 
Isotopes Laboratory, P. C. available. Contains photomultiplier 
tube, magnetic shield, preamplifier or 
cathode follower, crystal radiation de 
tector. 


serum albumen. 
topes are available. 
Roxane, 
Hooftstraat 171-177, 


The Netherlands. 


Send for bulletins on crystals and 
scintillation equipment. 


; Dept. N 
NEWARK 2, NJ 


Amsterdam, 


aft 
Pocket-sized radiography calcula- as 


tor. Mark II exposure calculator 
has scales for Ce!87, Tm!7°, Co®, Ir'* 
and radon. Scales are in inches.— | 
M. Falk and Co., 5 Victoria St., | 
London 8. W. 1, England. 


STOCKS AVAILABLE FOR 


IMMEDIATE SHIPMENT. 10 CRAWFORD ST 











MILLI-MICROSECOND 
PULSE GENERATOR 


Model PG-215 


Isotope carrying pot. Shielded by 
about 1 in. of lead, stainless-steel | 
carrying pot has free volume of 100 | 
em*, It has a lid and is easily de- 
contaminated and sterilized.—Tech- 
nical Specialties Inc., 50 W. Maple 
St., Columbus 15, Ohio. 


WIDTH AND 
DELAY UNIT 


Model PGA-220 


Food-contamination standard. | 


_ as se aini ) 2 . 
tandards containing 9 X 10°? pe of oy Senatiglity Adesl 


rectangular 
pulses 60 or 120 
per second re 


U for comparison with possibly con- 
taminated water or food allow safety 
determination. Activity is equal to 


FCDA 


tion lmit. 


currence rates 
10-day emergency consump- Rise and decay 
Stand allows reproduc- times down to 
“_ : ) ‘ 
lracerlab, Inc., 130 1.2 mys. Mini 
mum width 1.2 
Boston 10, Mass. mys, Max. un 
limited 


able geometry 
H gh st 


re ‘ 
Labeled aniline. Uniformly labeled 

with Cu. 
1 mc/millimole activity. 


|, 0.5 and 0.1 me are supplied. 


¢ Amplitude 0 to 35 volt with 930 load 
aniline is available in a may be adjusted using standard DC volt 
Three sizes meter 

Nu- ® Sym output isolated from main pulse with 
. provisions for main pulse delay 


clear Instrument and Chemical Corp., 
229 W. Erie St., Chicago 10, Ill. 


The Model PG-215 Pulse Generator is a mercury-relay 
| plus pulse-forming-line type of generator producing 
| rectangular waveforms having rise, duration, and decay 


| times in the millimicrosecond range. It also furnishes 
INDUSTRY NOTES | a trigger signal, advanced in time with respect to the 
main pulse, for synchronizing associated equipment. All of the time parameters are 
Phillips Petroleum Co., Bartles 


determined by sections of standard coaxial cable supplied by the user or contained in 
ville, Okla., and Consolidated Engi- | the Model PGA-220 Width and Delay Unit available as a separate accessory. 
neering Corp., Pasadena, Calif. have | 


Sateermmemieamaas <)> TELETRONICS LABORATORY, INC. stat’ {'% 


Consolidated will market plant analy- 
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| ALUMINUM DOLLIES | 


SCOPE DOLLY MODEL 1 


* Convenient Height * Lightweight Aluminum 
and Viewing Angle Construction 





* Recommended by 
® Adjustable to Hold Laboratories Wher- 
Portable Scopes ever Used 


Ball Gearing Swivel $38 


Rubber Tired Casters FOB Lovisville, Ky 





8 Power Outlets with 10 ft. heavy duty extension 
cord 1500 watts—110 volt A. C. 


Ball Bearing Swivel Rubber Tired Casters 


2 Shelves for Equip- 


ce Test Leads, Pri ad *49: - 


Pan for 


MODEL A Notebooks, etc. FOB Louisville, Ky 


© 31)” high, 183” wide 


tn TECHNICAL SERVICE CORP. 


1404 W. Market St. Louisville 3, Kentucky 





adiae 
=aoash 


There is 
Something 


NEW in FILM 
BADGE SERVICE 


‘Take advantage now of the 


most recent technological ad 


REMOVES 
RADIOACTIVE 


CONTAMINATION 


vances in personnel monitoring 
R. S. Landauer, |r. & Co. offers 
you a film badge service teatur 


Ing: RADIACWASH is a concentrated liquid 
| radioactivity decontaminant. It acts with 
amazing rapidity and effectiveness in re- 
High Accuracy over on moving radioactive contamination. For 
Extensive Range of ordinary use, it should be diluted with 5 
Personne! Exposure to 8 parts of water. 
Ease of Use RADIACWASH, containing Versene acts 
in two ways. It solubilizes radioactive 
metallic articles and increases yy * 
hus 'W'' makes ic possible to easily 
Write today for rinse away contamination {rom laboratory 
the mew de instruments, glassware, furniture, floors, 
scriptive bro walls, etc. RADIACW ASH is safe for use 
chure on the bands or other body surfaces. kt 
is also superior to soaps and detergents 
in the laundry and is far more effective. 
BE PREPARED FOR ANY TYPE 
OF EMERGENCY!!! 
One gallon of “RW costs $4.98. Dis- 
counts are available for larger quantities 
Send today for descriptive leaflec with 


price schedule 


a=aw=aw=m contains 


Better Badge Design 


Improved 


Greoter Economy 


LANDAUER, JR., & CO. 


8 tee the Atomic Center 


PARK FOREST, ILLINOIS 
for instruments and Equipment, inc. 
[489 FIFTH AVENUE NEW YORK 17 


sis and control instruments developed 
by Phillips. Infrared gas analyzers, 
differential refractometers, and ultra- 
violet analyzers will be marketed. 


& Beckman Instruments Co., Fuller- 
ton, Calif., has acquired Specialized 
Instruments Corp. and Spinco Service 
Co., both of Belmont, Calif. They 
will be operated as the Spinco Divi- 
sion. Products are instruments 
for advance research, such as an 


ultracentrifuge. 


® Daystrom, Inc., Elizabeth, N. J. 
now Owns 4 majority stock in Weston 
Electrical Instrument Corp., Newark, 
N. J. Weston manufactures nearly 
900 varieties of electronic apparatus. 


P Precision Radiation Instruments, 
Inc., Los Angeles, Calif. has added 
10,000 ft? to its manufacturing facili- 
ties. Firm makes portable radiation 
equipment. 


& General Ultrasonics Co., Hartford, 
Conn. has been incorporated to make 
and market the Rich-Roth 400 ultra- 
sonic generator and associated 
transducers. 


LITERATURE AVAILABLE 


Printed-circuit vacuum gage. De- 
signed around printed circuit, type 
TG-029 vacuum gage is calibrated 
for air from 1-1,000 microns, on one 
direct-reading scale, New gage tube, 
TG-77 eliminates fragile nature of 
junction weld.—Consolidated Vac- 
uum Corp., 735 Ridge Rd. W., 
Rochester 3, N. Y. 


Radiation instruments. Catalog B 
lists complete line of radiation detec- 
tors and accessories, including scintil- 
lation counters. Another catalog 
describes medical instruments for 
radioisotope use. 28 and 12p.—NRD 
Instrument Co., 6425 Etzel Ave., St 
Louis 14, Mo. 


Aluminum casting alloys. Hand- 
book gives material on metallurgy 
and casting practices, plus cross- 
index of all important specifications. 
Iiffect of alloying is discussed. 60 
p.—American Smelting and Refining 
Co., 120 Broadway, New York 5, 
oe # 

Production recorder. Bulletin 541 
describes recorder that makes perma- 
nent records of machine speed or 
rates, by counting production units. 
16 p.-Electric Tachometer Corp., 
2218 Vine St., Philadelphia 3, Pa. 
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RAW MATERIALS 


PERU: rich ore deposit verified. A 
uranium oxide content of 2.46%, with 
some assays as high as 3.7%, has been 
found by government geologists in ores 
from the Colquijirea mines near Cerro 
Mines are owned by the 
U. 8S. AEC ge- 


ologists cooperated in assays. 


? > 
de Paseo. 


Fernandini interests. 


UNITED STATES: calls present uranium 
production adequate for 1980; new 
claims acquired. John R. Menke, 
president of Nuclear Development 
Associates, told the National Western 
Mining Conference last month that “it 


would seem that the world is producing 


this year an amount of uranium very | 


similar to the total peacetime need for 
uranium in 1980.” 

| Western Gold and Uranium, Inc., 
has acquired 55 claims covering 1,400 
acres in Utah from William Rogers and 
partners. Ore deposits are shallow 
enough for wagon-drill proving; devel- 
opment of the property started last 
month. 


CANADA: British back $41-million 
development. Most of the new $41- 
million financing for development of 
Algom Uranium Mines, Ltd., northern 
Ontario property comes from a British 
Rio Tinto Co, 
Algom has a $207-million agreement 


syndicate headed by 


with the Canadian government for sale 


ot its ore 


GERMANY: added ore deposits 
found. Three 
southern Black Forest (state of South 
Baden) contain deposits of uranium 


more regions of the 


ore, according to a preliminary survey 


SOUTH AFRICA: two processing plants 
start working, survey of western areas 
starts. Two new uranium ore process- 
ing plants—at Luipaards Vlei and 
Vogelstruisbult 


two more will go into service 


recently began oper- 
sitions; 

ortly in the Orange Free State gold 
heids 

“With surveys of the Rand and 
Free State gold areas completed for 
Atomic 
Inergy Board is starting a car-borne 


iranium and thorium, the 
survey of the 40,000-square-mile arid 
western area of the country. 
posit being exploited in this area is at 
Van Rhynsdorp. 


INDIA: cash awards spurs discovery 
of new minerals. A new deposit of 
beryl ore in Andhra State is the first 
discovery attributed to the govern 


ment’s offer of cash awards, 
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lonex lonisation Meter 

A universal dosimeter for measuring dose rate 

and accumulated dose of X and gamma radia 

tion. Full scale deflections for: 300 uwr—1000 r 

and 30 wur/min—1000 r/min. A precision in 

strument for the hospital physicist. Leaflet D8 

118 

Baldwin Farmer X-Ray Dosimeter 

A precision sub-standard instrument used for 

checking tube outputs and calibrating dosimeters 
for routine therapy. The range is 0-60 © over the 
quality range 40kV to 2MV. A radio-active refer 
ence source is available for checking long term 
stability. Leaflet D8—125 


Baldwin Farmer Radiological Electrometer Type R.8B. 


This instrument serves to charge detachable ion 
isation chambers and subsequently, after exposure, 
to measure the remaining charge. Almost any type 
of ionisation chamber can be used with this Elec 
trometer. Leaflet DB—110 


Protection Electrometer 


Small pocket ionisation chambers are used 
with this instrument to give immediate indication 


of X or gamma dose received by personnel 
BALDWin, /) Leaflet D8—122. 
scient instruments 


BALDWIN INSTRUMENT COMPANY LIMITED 


— 





DARTFORD © KENT © ENGLAND 





COLORADO PITCHBLENDE 


SEARCHLIGHT A. SneeD CNRS 
Ly ieag le), Citi 


Over 20% U @ $2.50 per ounce 
Over 1% I “0 $10.00 per pound 
EMPLOYMENT . SENESS Mil weight-sice ailable 
USEO or F. A. Rohrmen, Ph.D 


rolga®) aa) hal 33 1333 Cascade Avenve, Boulder, Cole 


Classitied Advertising 


EQUIPMENT 














PHY SICISTS—-ENGINEERS—RADIOCHEMISTS 


Opportunities exist for Physicists, Chemical & Mechanical Engineers, and Radio- 
chemists who are interested in developing commercial 


NUCLEAR ENERGY 


Experience in the reactor field is desirable. Jr. posi- 
tions are also available for scientists without spe- 
cific experience. 


Please send resume to Personnel Director 


WALTER KIDDE NUCLEAR LABORATORIES, INC. 
975 Stewart Ave., Garden City, New York 





REPLIES (Box No) 
NEW YORK: 330 W. 42nd St. (36) 


| 
Only de- 





Address to office nearest you 


PHILLIPS PETROLEUM COMPANY 
Atomic Energy Division 
Idaho Fails, idaho 


CHICAGO: 520 N. Michigan Ave. C11) 
SAN FRANCISCO: 68 Post St. (4) 


POSITIONS WANTED 


RADIOISOTOPE LAB. Supervisor: Physicist, 7 yrs Experimental Physicists (B.S. or M.S., and 
experience in radio-aysay procedures, personnel 
direction 
microscopy 
responsibility 


Ph.D.) and a Theoretical Physiciets (Ph.D.) 
electron are needed for work in nuclear hysics. Re 

desires actor Physicists are needed for adieaiadions in 
interests connection with MTR and ICPP operation 


lab design instrumentation, 
original research, publications 
growth potential Wide 


PW-5537, Nucleonics 

NUCLEAR POWER engincer-physicist desires to 
contact firms with responsible position open in his 

field. Vitally interested in business aspect of nuclear 

power Position must be challenging and require 

energetic and versatile personality. PW-5564, Nu 

cleonics 

HEALTH PHYSICIST, B.S. Dewree, six years ex 
perience with a major AEC project, desires posi 

tion with smaller firm in nuciear field. PW-5671 

Nucleonics 





analysis of data from kinetic studies, imterpre 
tation of reactivity data, and design studies 
Reactor Physicists must have a good basic 
know ledge reactor theory and be able to 
proceed independently in attacking problems 


All positions are at the National Reactor Test 


ing Station in Idaho. Solaries are commensurate 
with training and experience 














Fluorocarbon Products, Inc. 


Division of 


UNITED STATES GASKET COMPANY 


Camden, 1, New Jersey 


Vad 
Fapricators of 9 CaS 
FLUOROCARBONS & OTHER PLASTICS 


Representatives in principal 
cities throughout the world 
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ATOMIC’S 


BENCH TYPE f 


ap (gunn 


ASSEMBLY 


Provides a complete basic laboratory facility for FOR APPLICATION IN THESE FIELDS: 
counting gamma radiation from samples of gamma 


emitting materials. 


Chemical Analysis 
Physical Studies 
Biological Tracing 
Medical Examinations 
Industrial Research 


TYPICAL OPERATIONS UTILIZING THE 
MODEL 5010 ARE: 


Activation Analysis 

Tracer Chemistry Identification and 
Research Study 

Clinical Examination of Blood and 
Tissue Samples 

Urine Sample Analysis for Diagnosis 

Distribution Studies of Trace Ele- 
ments in Plant Structure 








Model 5010 Assembly 











The Model 5010 Assembly includes the following units, each of 





The general purpose utility 
of this basic laboratory as- 
sembly can be extended into 
more specialized fields of in- 
quiry by the addition of: 


A Scintillation Probe instead 
of the bench type Detector. 
Flow counters, proportional 
counters or neutron counters 
may also be substituted. 


This equipment may be used 
for Single Channel Scintilla- 
tion Spectrometry by the ad- 
dition of a Model 510 Single 
Channel Differential Pulse 
Height Analyzer. 





Complete specifications of the Model 
5010 Assembly are contained in Bul 
letin 5010-1 available upon request 


ATOMICSa= 





which represents superiority in its field: 


Power Sug 
312). Dritt in output voltage is less than + 200 parts per million 
per day. 


Highly Linear Amplifier (Model 218) having precision Pulse 
Height Discriminator and Bandwidth control: 


Automatic Scaler (Model 131) features: Pre-set automatic tim 
ing: 5 microsecond resolution; Scale of 1000 (Decade) plus 
4-digit Register; low power, low heat, cold cathode Glow 
Tubes in improved and simplified circuits for unusual reliability 
and for long life. 

Bench Type Scintillation Detector (Model 810) with Well Crystal 
tor receiving test tube samples; Shielded against background 


radiation. 








ma-emitting sample placed in the well of the § at Detector 

duce electrical output pulses according to the radiation inten- 

table High Voltage Power Supply provides the very ely 
erating potential required for the Detector. Output pulse lieve 
n 6 Linear Amplifier to the amplitude required for Scaler oper 

er totalizes and di plays the count of pulses received during 

e-set time interval. The count is read direct y trom the register 


ted electror de ade: 





INSTRUMENT 
COMPANY 


84 MASSACHUSETTS AVE. CAMBRIDGE 39, MASS 





Linear Amplifiers, Scalers, High Voltage Supplies, Scintillation Counters, 


Count Rate Meters, Coincidence and Anticoincidence instruments, 
Differential Pulse Height analyzers, Accessories. 





For continuous recording of 
radiation level—the Brown Electrometer 


ELECTRICAL CHARACTERISTICS 

Ranges: 10°)? ampere full scale, with 10-!' ohm input 
resistor; range selector switch multiplies by 
10 and 100. . . corresponding to recorder 
millivolt spans of 10, 100 and 1000 mv. 
Other ranges available with lower values 
of input resistor. 

Accuracy: approx. 1% of scale for the complete 
system. 


Speed: Recorder pen speed of 24, 12, 4% or 2 , 
amet tor full aon P 6 2 20 Anke G8 Te ase 


Zero drift: not over 0.3 mv per day. 
System noise: on 10 mv range, t 4% of scale 


(or leas). 








\HE Brown Electrometer was designed Choice of Models 
specifically for recording extremely 


The strip chart instrument gives you de- 
tailed records of up to 30 days’ operation. 
If you need less detail and only 24-hour 
charts, the circular chart model fills the 
bill at lower cost. Both models come com- 
plete with preamplifier. Either model can 
do double duty as an annunciator of high 
or low radiation level, when supplied with 


low level currents such as those produced 
by ionization chambers. It provides an 
accurate, sensitive way to obtain continu- 
ous, automatic records of currents as small 
as 10°'5 ampere. By utilizing the “rate of 
charge’’ method, the Electrometer can 


measure currents down to 10°'© ampere 


Superior stability and sensitivity are de built-in switch units 


signed into the measuring circuit. Zero . , ‘ 
Your local Honeywell sales engineer will 


drift does not exceed 0.3 millivolt per day . 
be glad to discuss how you can apply this 


System noise is no more than !}4% of the ; . 
instrument in your nuclear studies. Call 


scale span on the most sensitive range. A 
him today ... he’s as near as your phone. 


selector svvitch lets you multiply the basic 

range by factors of 10 or 100. Zero adjust MINNEAPOLIS-HONEYWELL REGULATOR 
ment knob moves the zero input point to Co., Industrial Division, Wayne and Win- 
any desired part of the calibrated range drim Avenues, Philadelphia 44, Pa. 


@ REFERENCE DATA 

Write for instrumentation Data MIinNnN€arotis 

_ Honeywell 
BROWN INSTRUMENTS 


HH Fouts un Coutiools 








